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Conditions of Use

The following conditions regulate the use of computer programs

developed by the Hydrologic Engineering Center (HEC), Corps of

Engineers, Department of the Army.

1. The computer programs are furnished by the Government and are

accepted and used by the recipient individual or group entity
with the express understanding that the United States Government

makes no warranties, expressed or implied, concerning the

accuracy, completeness, reliability, usability, or suitability

for any particular purpose of the information or data contained

in the programs, or furnished in connection therewith, and that

the United States Governmeat shall be under no liability
whatsoever to any individual or group entity by reason of any use

made thereof.

2. The programs belong to the United States Government.
Therefore, the recipient agrees not to assert any proprietary

rights thereto nor to represent the programs to anyone as other

than Government programs.

3. The recipient may impose fees on clients only for ordinary
charges for applying and modifying these programs.

4. Should the recipient make any modifications to the

program(s), the HEC must be informed as to the nature and extent

of those modifications. Recipients who modify HEC computer

programs assume all responsibility for problems arising from, or
related to, those modifications. User support from the HEC to

third party recipients will only be provided after the second

party demonstrates that program difficulties were not caused by

their modifications.

5. This "Conditions of Use" statement shall be furnished to all

third parties that receive copies of HEC programs from the

recipient. Third party recipients must be notified that they
will not receive routine program updates, correction notices, and

other program services from the HEC unless they obtain the

program(s) directly from the HEC.

6. All documents and reports conveying information obtained as a

result of the use of the program(s) by the recipient, or others,

will acknowledge the Hydrologic Engineering Center, Corps of

Engineers, Department of the Army, as the origin of the

program(s).
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REGIONAL FREQUENCY COMPUTATION

HYDROLOGIC ENGINEERING CENTER

723-X6-7350

1. INTRODUCTION

This program was prepared in the 1iydrologic Engineering Center.
Up-to-date information and copies of source statement cards for
various types of computers can be obtained from the Center upon
request by Government and cooperating agencies. While every care
is taken to validate this program, it is not feasible to anticipate
and test all possible applications. Consequently, the Center is
interested in problems that arise in application and will assist
in resolving deficiencies in the program to the extent feasible.

2. PURPOSE OF PROGRAM

The purpose of this program is to perform frequency computations
of annual maximum hydrologic events necessary to a regional frequency
study. Frequency statistics are computed for recorded events at each
station and for each duration. Missing events are computed so that
complete sets of events are obtained for all years at all stations
while preserving all inter-correlations. These are arranged in the
order of magnitude for each station and duration and tabulated with
median plotting positions. Statistics for each station are then
adjusted to the complete period of region record, and frequency
curves are computed in accordance with procedures given in "Statistical
Methods in Hydrology" by Leo R. Beard, January 1962, using the logarith-
mic Pearson Type III function and the expected-probability concept.
The use of all long-record stations instead of only one for the extension
of frequency statistics at short-record stations is considered to consti-
tute some advantage over procedures given in "Statistical Methods". As
an alternative use of this program, frequency statistics can be supplied
and curves will be computed.

3. DESCRIPTION OF EQUIPMENT

A FORTRAN IV compiler, random number generator (function RNGEN
included, see Exhibit 2), and large memory are required. The large
amounts of computation make high speed desirable. Accordingly, it is
virtually necessary to use a computer of the IBM 709h class for
execution of this program. It is desirable to use one input tape and
one output tape unit, in addition to card (tape '7) and printer (tape
6) output and standard (tape 5) input.



4. METHODS OF COMPUTATION

a. Flows for those stations with zeros in the data Pre first incremented
by 1/10 percent of their average for each station and duration in order to
preclude infinite negative logarithms. This increment, if added, is later
subtracted from reconstituted flows and computed frequency curves. The mean,
standard deviation 3nd skew coefficient of the logarithms for each station
and duration are then computed. Preliminary to estimating missing flows
by correlation, each flow is then converted to a standardized variate using
an approximation of the Pearson Type III distribution. This involves the
following equations:

X.- log (Q. +q. (i)
i'm 3.,M .

N
- I Xim/N (2)
m=l

Si 7- (Xi'm 'ji)2/(N'l) (3)

N _ (x. -. )3/((N-i)(N-2)s3) 
(4)gl N,m i i(

t i'm ( xim-7i)/s i  (5)

K i m = 6 /gi [((gtim/2) +l)1/3_ 1] + gi/6  (6)

in which:

X = Logarithm of flow event
Q = Recorded flow event
q = Small increment of flow used to prevent infinite

logarithms for events with zero flow
X = Mean logarithm of flow events
N = Total years of record
S = Unbiased estimate of population standard deviation
g = Unbiased estimate of population skew coefficient
t = Pearson Type III standard deviate
i = Duration number
m = Year number
K = Normal standard deviate
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b. After transforming the flows for all stations and durations
to normal, the gross (simple) correlation coefficients R between all
pairs of stations for each duration and for adjacent durations at each
station are computed by use of the following formula:

N N
- m=l i m i-l,m m-l i,m lXi

(N-1)/(N=2) 2 (7)

c. Inasmuch as not all stations and durations necessarily have
the same length of record, correlation matrices obtained in b might

not be complete or internally consistent. If not, missing values
are estimated, and low values are raised to obtain coisistency,
inasmuch as low values are least reliable and least influential.
Each missing value is estimated by examining its relationship to
related pairs of values by use of the following formula, using i,
j and k subscripts to indicate variables used in the gross correlation:

Ri. = RkIr + (l-R2)(l-R 2 )(8)

d. Consistency of each correlation matrix to be used for
estimating missing flows is assured by first testing all combinations
of triads of correlation coefficients used in that matrix. The test
for consistency of each complete matrix is made by computing the
multiple correlation coefficient. If this value is greater than 1.0,
further adjustment is required. Such further adjustment is obtained
by introducing a coefficient, successively smaller by .2, on the
radical in equation 8 and repeating all triad consistency tests until
all matrices are consistent.

e. Missing flows are estimated by correlation with corresponding
flows at other stations and the flow at the same station for the adjacent
duration (preceding duration, except that the succeeding duration is
used when estimating for the first tabulated duration). Since it is
not known which stations might have recorded or previously estimated
values, the correlation matrix and regression equation might be different
for the same station and duration in different years. The regression
equation is computed for each missing value in terms of normal standard
variates by selecting required coefficients from the complete (and
consistent) correlation matrix and solving by the Crout method explained
in Exhibit 1. The missing value is computed from this regression equation,
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introducing a random component equal to the non-determination of
the equation, in order to preserve the proper variance (standard
deviation) of the flows. This is done as follows:

k1 =1 2 k2 +1 3 k 3 + .... "nkn + R Z (9)

in which:

k = Normal standard deviate
R32 = Beta coefficient
R = Determination coefficient
Z = Random number uormally distributed
n = Number of variables in equation

f. When all flows have been reconstituted, the mean and standard
deviation for each station and duration are recomputed. Regression
lines of standard deviation and skew coefficient separately versus mean
are computed, and "smoothed" values of standard deviation and skew
obtained as described in "Statistical Methods". Equivalent record for
the recorded and reconstituted flows for each station and duration is
estimated by adding the determination coefficient for each yew of
reconstituted flow to the total years of recorded flows. This equivalent
record is used in computing expected probabilities as discussed below.
Flows are arranged in descending order of magnitude and median plotting
positions are computed as defined in "Statistical Methods". Frequency-
curve coordinates for each station and duration are computed from the
mean, standard deviation, skew coefficient, flow increment and equivalent
record length, using table values of the normal distribution, the trans-
form for the Pearson Type III function shown in Equation 10, and the
following approximate transforms for expected probability:

P.01 = .01 (l+1 6oo/N 1 72 ) (10)

P = .1 (1+280/N 1 "55) (11)

P1 1 + 26/N1.16 (12)



P5 = 5 (l i 6/Ni" 4) (13)

PlO =O (1 + 3/N'-04 ) (14)

P30 = 30 (1 + .6/N "925 ) (15)

in which:

P = Expected probability in percent, symmetrical about 50 percent
N = Equivalent years of record

5. INPUT

Input is summarized in Exhibits 6 and 7. All data are entered
consecutively on each card, using 8 columns (digits, including
decimal point, if used) per variable and 10 variables per card unless
fewer variables are called for, except that the first column on each
card is reserved for identification. The first output title card
must have an A in column 1. An example of input is given in Exhibit
2. Certain inadequacies of data will abort the job and waste input
cards until the next card with A in column 1 is reached. After a
job is finished, a card with A in column 1 followed by 3 blank cards
causes the computer to stop.

6. OUTPUT

Printed output includes key input information for job identification
and all results of computations. An example of printed output is given
in Exhibit 3.

7. OPERATING INSTRUCTIONS

Standard FORTRAN IV instructions and random number generator are
required. No sense switches are used.

8. DEFINITIONS OF TERMS

Terms used in the program are defined in Exhibit 4.

9. PROPOSED FUTURE DEVELOR4ENT

No specific future development of this program is presently planned.
It is requested that any user who finds an inadequacy or desirable addi-
tion or modification notify the Hydrologic Engineerng Center.
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XHIBIT 1

Crout's Method

One of the best methods for solving systems of linear equations
on desk calculating machines was developed by P. D. Crout in i941.
This method is based on the elimination method, with the calculations
arrwaged in systematic order so as to facilitate their accomplishment
on a desk calculator. In this method the coefficients and constant
terms of the equations are written in the form of a "matrix," which is
a rectangular array of quantities arranged in rows and colmns.

The method is beat explained by an example. Suppose that in a
multiple correlation analysis it is required to solve the following
system of linear equations to obtain the unknown values of b2 , b3 , b4
and b5.

EX2  b + Ex x b + xx b + Ex x b E xx

2 2 253 3 24 2 55 1 2

2xx b + Ex b + Lx b + lxx b Exx

234 2 3x 3 ~ 4 4 5 5 134x2 x4 b2  + Exxb + Ex b + Ex - xlx

xx b + xx b + 4x5  + x 5  15

For simplicity let us replace the coefficients of the b's by the letters
p, q, r and s, and the constant terms by the letter t, using subscripts
1, 2, 3 and 4 to denote the respective equations:

P1 b2  + q1 b3 + rl b4  + e1 b5  - tl

P2 b2  + q2 b3 + r2 b4  + s 2 b5  - t2

P3 b2  + q3 b3  + r3 b4 + s5 b = t3

p 4 b 2  + q4 b 3  + r 4 b4  + s4 b 5  - t 4

A continuous check on the computations as they progress may be obtained
by adding to the matrix of the above system a column of u's, such that
u - p + q + r + s + t. The matrix and check column are written as
follows:

EXHIBIT 1



Pl ql rl a tl 11

P2 q2  r2  s2 t2 u2

P3 q3 r 3 t3  u3

P4 q4  r4  s4 t4 %

The elements p1, q2, r3 and 84 form the "principal diagonal" of

the matrix. Examination of the original equations shows that the co-
efficients are symmetrical about the principal diagonal, i.e., q1 - P2t
rl - P3 ' r 2 - q 3 S - P4 9 2 - q4 , and 3 ' r4 .

This is characteristic of the system of equations to be solved in any
multiple correlation analysis. Because of this symmetry, the computa-
tions are considerably simplified. While the Crout method may be used
to solve any system of linear equations, the computational steps given
here are applicable only to those with symmetrical coefficients.

The solution consists of two parts, viz., the computation of a
"derived matrix" and the "back solution." Let the derived matrix be
denoted as follows:

PI QI RI Sl T U

P2 
T2 2 2

P R S T U
3 Q5  3 S3 T3 3

P4  Q4 R4 S4  T4  U4

2
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The elements of the derived matrix are computed as follows:

P 1 " P1 P2 M P2 P3 " P =3 p4 P

q1  rI  s tU
Q = R 1- S _1 T t 1 U M.Pi Pl Pl Pl Pl

Q2 q 2 P2QI Q3 1q P3Q1 R2 Q3

Q2

( T t2-T1P2  u'2-UIP2
4 q 4 Ql Q2 22 Q2

R rR Q R R4  r4  Q4R2 - P4R S 4
R3

t T -TPu 3-U 203-U IP
T 3 2Q3-T1P3
T3 " RU3 " } 2 3

U

84 w4 - R4S3 - 2 - 41

t 4 -T3R 4 -T 2Q-4-TP u_ _ _ U1_P- 4

sU 4 - S4

The e-neral pattern of the above computations, which may be applied
to a system containing any number of equations, is as follows:

(1) The first column of the derived matrix is copied from the first
column of the given matrix.

(2) The remaining elements in the first row of the derived matrix
are computed by dividing the corresponding elements in the first row of
the given matrix by the first element in that row.

th th
(3) After completing the n7- row, the remaining elements in the (n+l)-

column are computed. Such an element (X) equals the corresponding element
of the given matrix minus the product of the element immediately to the left
of (X) by the element immediately above the principal diagonal in the same
column as (X), minus the product of the second element to the left of (X)
by the second element above the principal diagonal in the same column as (X),
etc. After each element below the principal diagonal is recorded, and while
that element is still in the calculator, it is divided by the element of
the principal diagonal which is in the same column. The quotient is the
element whose location is symmetrical to (X) with respect to the principal
diagonal.
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(4) When the elements in the (n+l)- column and their symmetrical
counterparts have been recorded, the (n+l) t h row will be complete except
for the last two elements, which are next computed. Such an element (X)
equals the oorresponding element of the given mtrix minus the product
of the element immediately above (X) by the element immediately to the
left of the principal diagonal in the s=m row as (X), minus the product
of the second element above (X) by the second element to the left of the
principal diagonal in the same row as (X), etc., all divided by the
element of the principal diagonal in the sum row as (X).

The check column (U) of the derived matrix serves as a continuous
check on the computations in that each element in the column equals
one plus the sum of the elements in the same row to the right of the
principal diagonal. That is,

U1  W + Q1 1 + R S1 + T1

U2  1 + R-2 + S2 + T2

U - 1 + S3 + T3

U4  - +T 4

This check should be made after completing each row.

The elements of the derived matrix to the right of the principal
diagonal form a system of equations which may now be used to compute
the unknown values of b2 , b3, b4 and b5 by successive substitution*

-This is known as the "back solution." The computatioDs are as follows:

b5  =T 4

b 5 T -S
4 - 3b5

b = T2 - S2b 5 - R2b 4

b2  T 1 - S2b 5 - Rlb4 - Qlb3

It is very important that the computations be carried to a suffi-
cient number of digits, both in computing the coefficients and constant
terms of the original equations, and in computing the elements of the
derived matrix. It is possible for relatively small errors in the
coefficients and constant terms of the original equations to result in
relatively large errors in the computed 8olutions of the unknowns. The

4
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greatest source of error in computing the elements of the derived matrix
arises from the lose of leading significant digits by subtraction. This
must be giarded against and can be done by carrying the computations to
more figures than the data. As a general rule, it is recommended zhat
the coefficients and constant terms of the original equations be carried
to a sufficient number of decimals to produce at least five significant
digits in the smallest quantity, and that the elements of the derived
matrix be carried to one more decimal than this, but to not less than
six significant digits.

5 EXHIBIT 1



EXI IT

IAVY)'T NIPIB"'n, FU"CTION ' NGE:

This random number function is for a binary machine and the constants muqt be
computed accordine to the number of bits In an inteeer ,ord. The numbers
generated are uniformlv distributed in the interval 1) to I.

The function is called from the .;ain proprm ,by a statement similar to the
following:

A = ,::,EN (TN)

Where A is some floatine point variable name and IX is some integer variable
name. fhe argument name I, need not be tlie same fn te rlin prorram :'id the
function. The argument must be initiali-ed to zero in the r-iin protra-'. The
location of the initializin- statement is important and depends on the results
desired. If it is desirod to have different sets of random numbers for each
of several different sets of computations (jobs) that are run sequentiallv on

the same programi, thten the argument mu-t be initialized at the very 1,ecinninp
of the progra and never reinitialized. If it is permissible to use the same
sequence of random numbers for each job, the argument riust lie initialized at
the be.inning of each iolb. Tho advanta e of this latter option occurs when one
of the jobs must be re--run for some minor reason as the same random numbers
.,ill he used and thr' r-sult- will he comparable.

Three constants must be comtuted bv thie following equations:

Constant one (Cl) = 2( + +)/ 3

Constant .to (C2) = 2 -- i

Constant tliree (Cl) = 1.12.

Thlere: ' = number of its in an integer ,ord

The constants for some of the common computers are lHste,] in the followinp table:

" 1L )t

I N1TI , C, 1",DC) : '.TA:I S
O)/ Ufi, '., .C I C2 C 3

,;1 20 ;eries 1Y 10 7 5'428i7 ).1907348631 -05
(;, 4.(Y) .eries 23 400o '3'1R6o7 0. I19209290E-06
I'! 360 Series 31 6553 2147433647 0.465661287E-09

I W " 7 )4 and 35 6- 147 '34159734367 n.?9038304E-ln
709( Series

L:: I ."AC/ I I ()'

(.DC (,)fl') Series 4 16777 lI 2'l 47.407671')63 n .355?1 78 -14

N)101BIT "



EXAMPLE INPUT

A REGIONAL FREQUENCY COMPUTATION
A TEST DATA
A JULY 1972
8 1 1945 1
C PEAK
0 0.
G 32 1945 77100
G 32 1946 206000
G 32 1948 185000
6 32 1949 137000
G 32 1950 99000
H

A TEST DATA
A 723-X6-L7350
A MULTIPLE STATION AND DURATION

8 5 1945
C PEAK 1-DAY 3-DAY 10-DAY 30-DAY
G 32 1945 77100 71200 62000 51000 30830
G 32 1946 206000 185000 134000 83400 51000
6 32 1947 139000 132000 115000 65300 43670
6 32 1948 185000 167000 132000 85600 44130

G 32 1949 137000 122000 70400 66800 38130
G 32 1950 99000 95900 90000 64200 -06100
G 35 1946 48400 32500 24300 12870 7493
6 35 1947 46000 32600 29270 16020 9570
G 35 1948 53400 40300 24870 12980 6890
O 35 1949 18600 14600 10570 8090 5690
O 35 1950 23600 20100 15800 9840 6920
H
.A TEST DATA
A 723-X6-L7350
A SAVE STATIONS FROM PREVIOUS JOB
a 5 1945 1 2
C PEAK 1-DAY 3-DAY 1O-DAY 30-DAY
D -92 -.4 -.5 -.6 -,8

E 32 35
G 33 1945 5530 5040 4100 3320 2270
6 33 1946 13300 9560 7700 4840 3150
G 33 1947 10300 9360 8530 4850 3540

G 33 1948 10300 8840 6930 4230 2790
6 33 1949 6470 5400 '300 3120 2330
H
A TEST DATA
A 723-X6-L7353
A STATISTICS FURNISHED
8 5 1945 1 2 -1
C PEAK 1-DAY 3-DAY 10-DAY 30-DAY
D -,2 -.4 -.5 -.6 -.8
I 32 PEAK 5.123 .159 -.334 0. 6,0
1 32 I-OkY 5.089 .153 -.366 0. 6.0
I 32 3-DAY 4.984 .133 -9462 O 6.0
I 32 10-DAY 4.835 .106 -.599 0. 6.0
I 32 30-DAY 4.621 .066 -.795 0. 6.0
1 35 PEAK 4.518 196 -,278 0. 5.6
1 35 I-DAY 4.0P8 .177 -. 168 0. 6.0
I 35 3-DAY 4,267 .153 -.027 0. 6.0
I 35 10-DAY 4.052 .117 .188 0. 5.8
I 35 30-DAY 3.843 .082 .398 O. 5.9
A
A
A

- 1- ExAIbIT 3



JULI 1°7 7 23-.-L23O EXAMpLE OUTPUT
EGIGNAL FqECUENCY COsiFUTATION

VEPSIrlt OV~E - k~lST 21p 107q

REGIONAL FREQUENCY COMPUTATION
TEST DATA
JULY 1972

NDUR IYRA I3KEW KEEP ICONV IPCHQ IPCHS NSTAT NSMTH INCAD
I 19Q5 1 - -0 -0 -0 -0 -0 -0

REGIONAL SKEW OEFFICI-N-TS.
PEAK

0.

FREQUENCY FTATISTICS OF RECORDED DATA
STA ITEM PEAK

32 MEAN 5,120
$TD tEV

-KEW -.196

INCRT O
YEARS S.

RECORDED AND RECUNTITUTED DATA

3TA YEAR PEAK
32 1q 4 771C0.
32 19t.5 20.oo,

32 19z,4 137')))
32 1qiO 9qO0o.

FR gUEN.JY ARRAYS

STATInN 32

.1O PL.J1T PEAK

C 3'.,'.' 185(m7.
3 5O.Co 13700(.
4 6 1 .5! ?O,
5 87.06 771oc.

ADOPTED FRFGUENCY STATISTICS
STA ITEM PEAK

32 MEAN 5,120
STD DEV .180

SKEw 0.
INCRMT 0.

COMPUTED FREQUENCY CURVES

STATION 32
PLOT ExP po'fl PEAK
lot 1.01 617437,
.10 2.4I 473747,

1.00 5.2 3459e3,
5.oo 10.63 2"IS3.

10.00 15.63 22396.
30.00 33.11 1f5:8,
50.00 50.00 131853.
70,00 6b.89 106320.
90,00 84.37 77624.
95.00i 69.37 6WA.h
99.O0 50263.
99.90 97.59 19b7.
9qg 9.99 qR28157.

-1- EXHIRIT 4



JULY 19T 723-X6-L235C
REGIONAL FRSnUENCY COMPUTATION
VERSION DATE - AUGUST 21, 1971

TEST DATA
723-X6-L2350

MULTIPLE STATRnN A~il DURATION

NDUR IYRA ISKEW KcEEP ICONV iFCHQ IPCN5 NSTAT NSMTM INCAD
5 1945 -0 -Q -0 -0 -0 -0 -0 -0

FREQUENCY STATISTICS OF RECORDED LATA
STA ITEM PEAK I-DAY 3-DAY 10-DAY 30-DAY

32 MEAN 5.123 S.089 4.084 4,835 4,621
STD DEV ,161 .154 .142 .083 .076

SKEW -.388 -.527 -. 375 .-.266 .-11088
INCRMT 0. 0, 0. 0 O 0.
YEARS 6. b, 6, 6. 6.

35 MEAN 4.544 4.:20 4.2Q4 4.066 3.153
STD DEV .208 1181 ,181 .116 .082

SKEW -.689 -.721 -.964 -.384 593
INCPVT 0, O 0. C. o.
YEARS 5, 5, 5, 5.5

FREQUENCY STATISTICS AFTER ADjU3TMENT WITH A LONG TERM STATION
STA ITEM PEAK I-DAY 3-DAY 10-DAY 30-DAY

32 MEAN 5,123 5.089 4,984 4.835 4,621
STO DEV .161 .154 .142 .083 ,076

SK4EW -. 334 .. 366 -. 462 -. 599 ..795
INCRHT O 0. 0, 0. O.

EQUIV YRS 6.0 6.0 6.0 6.0 b.0

35 MEAN 4,48 4.376 4,242 4,033 3,838
STO DEV .227 .202 .208 .133 .091

SKEW -.734 -.612 -.478 -.269 -. 073
INCRMT 0. 0. 0. 0. O

EOUIV YRS 5.3 5.3 5.8 5.0 5.0

-2- EXHIRIT 4



CORRE'.ATION COEFFICIENTS OF RECORDED DATA FOR PEAK DURATION

STA 32 35
WITH SAME DURATION

32 1.000 .616
35 .616 1.000

WITH ADJACENT DURATION AT ABOVE STATION

32 oq95 .494
35 .714 .982

CORRELATION COEFFICIENTS OF RECORDED DATA FOR 1-DAY DURATION

STA 32 35
WITH SAME CURATION

32 1.000 .60O
35 .6O3 1.000

WITH ADJACENT DURATION AT ABOVE 3TATICN
3? .495 .714
35 .494 .962

CORRELATION COEFFICIENTS OF RECORPED DATA FOR 3-DAY DURATIOh

STA 32 35
WITH SAME CURATION

32 1.000 .867
35 .8s7 1.00o

WITH ADJACENT DURATION AT ABOVE STATION

32 A48 .949
35 .30 .89f

CORRELATION COEFFICIENTS OF RECORDED DATA FOR 10-DAY DURATION

STA 32 35
WITH SAME DURATION

32 ce000
3s 0, 16000

WITH ADJACENT DURATION AT ABOVE STATION

pa.5p,7 0.
35 .753 981

CQR ELATION COEFFICIENTS OF RECORDED DATA FOR 30-DAY DURATION

STA 32 35
WITH SAME DURATION

32 1.000 0,
39 0. 1.000

WITH ADJACENT DURATION AT ABOVE STATION
32 .690 C.
35 0. lsi3

RECORGED AND RECONSTITUTED DATA

STA YEAR PEAK !-DAY 3-DAY 10-DAY 30-DAY
32 1945 77100, 71200. 62000. 51000. 30830,
32 1946 20,000. 185000. 13aoO. 834C0. 51000.
32 1947 138000, 133000. 115000. 65300. 43670,
32 1 4 8 15900. 167COC, 132000. BbO0. 44130,
32 1949 137000. 122000. 7o400. 666CO. 36130.
3? :930 qquwl0, 95;o0. 9CCo. 642CO, 461100

STA YEAR PEAK IeVAY 3-GAY 10-DAY 30-DAY

35 1q45 25357.E 20407.E 20362.E 1239b.E 8837,E
35 1 q4 6  48400. 32500. 24300. 12870. 7493,

35 1047 46000, 3200, 29270. 16020, 9570.
35 1q4 53400. Ar?)o, 24870. 129ou. G890.
35 qq I R 0. 1600, 10570. 809). 569;o.
35 A130 23600. 2010U. 15800. 9,340 6920.
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FREOUENCY STATISTICS OF RECORDED AND RECONSTITUTED DATA
STA ITEM PEAK I-DAY 3-DAY 10-DAY 30-DAY

32 MEAN 5,123 5.089 4.984 4.a35 4.621
STD DEV .161 .154 ,142 .083 .076

SKEW -.3e8 -,527 -.375 .266 -1.038
EQUIV YES L,0 6.0 6.0 6.0 6,0

35 MEAN 4.520 4. 401 4,297 4,070 3.873
$TO DEV .194 ,168 .162 ,104 ,082

SKEW -.176 -.240 -1.036 .573 -. 012
EQUIV YRS 5.4 6.0 5.8 6.0 5.8

rURRELATION COEFFICIENTS OF RECORDED AND RECONSTITUTED DATA FOR PEAK DURATION

STA 32 35
WITH SAYS DURATION

32 1.000 ,574

35 .57Q 1.000
WITH ADJACENT DURATION AT ABOVE STATION

32 ,995 ,475
35 o,16 .986

Cnfl'ELATION COEFFICIENTS OF RECORDED AND RECONSTITUTED DATA FOR I-DAY DURATION

3TA 3? 35
WITH SAME DURATION

32 1.00q .526
35 .52b 1.000

WITH ADJACENT DURATION AT ABOVE STATION

32 995 o616
35 .475 .986

CCRRELATION CCEFFICIENTS OF RECORDED AND RECONSTITUTED DATA FOR 3-DAY DURATION

STA 32 35
WITH SAME DURATION

32 1.000 o558
35 .55 1.000

WITH ADJACENT DURATION AT ABOVE STATION
32 .836 o848
35 o. .375

CORRELATION CCEFFICIENTS OF RECORDED AND RECONSTITUTED DATA FOR 10-OAY DURATION

STA 32 35
WITH SAME DURATION

32 1.000 0.
35 o. 1:000

WITH ADJACENT DURATION AT ABOVE STATION
32 o820 0.
35 .385 .977

CORRELATION CCEFFICIENTS OF RECORDED AND RECONSTITUTED DATA FOR 30-DAY DURATION

STA 32 35
HITH SAME DURATION

32 1.000 o.
35 0. 1.000

WITH ADJACENT DURATION AT ABOVE STATION

32 .744 0.
35 0. .8 1 9
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FREQUENCY ARRAYS

STATION 32

NO PLOT PEAK 1-DAY 3-DY IC-DAY 30-DAY
1 10.91 20600. 18500C. 134000, 85600. 51000.
2 26.55 18500. 16700C. 1Z2000. 83400. 461C0.
3 42.18 130000. 13300C. 115000. 66800, 44130.
4 57.82 137000, 122000. 9C000. 65300, 43670.
5 73,a5 99000. 959C0, 70400. 64200. 38130.
6 89.09 77100. 71200. 62000. 51000, 30830,

STATION 35

40 PLOT PEAK 1-DAY 3-DAY 10-DAY 30-DAY
1 10.91 53400. 4030C. 29270, 16020, 9570.
2 26.55 48400. 32600, 24870, 12980. 8837.E
3 42.18 46000, 32500. 24300. 12870, 7493.
4 57.82 25357.E 20407.E 20362.E 123 9 8.E 6920.
5 73.45 23600. 2010C, 15800. 9340. 6890.
6 39.09 18600. 14500. 10570, 8090, 5690.

ADOPTED FREOUENCY STATISTICS
STA ITEM PEAK I-DAY 3-DAY 10-DAY 30-DAY

3? MEAN 5.123 5.089 4.984 4.835 4.b21

STO DEV .159 .153 .133 .106 .066

SKEW -.334 -. 366 -.462 -.599 -.795

INCRYT O. O 0. 0. 0 0

35 MEAN 4,520 4.401 4,297 4,070 3.873

STo oEV *193 .172 .153 .113 .078

SKEW -.462 -.437 -.414 -. 365 -.322

INCRMT O. 0. 0. 0. 0.

COMPUTED FREQUENCY CURVES

3TATION 32
PLOT EXP PRO8 PEAK I-DAY 3-DAY 10-DAY 30wDAY
l01 .74 404q 3 1, 350275. 2273099 127137. 58610.
.10 1.R4 347604. 304341. 204648. 11050, 57022,

1.00 4.25 284819, 253204, 177239. 108179. 54512.
5.00 9.65 233536, 210253. 152569. 973,9, 51625.
10.00 14.65 209104, 1 8 4 551, 140041. 91478, 4?894,
30.00 32.63 162936. 1W301. 114730. 78748. 4J770.
50.00 50.00 135535. 12413. 90620. 70013. 42be7.
70.00 67,37 111592. 10399q. 83702. 614.4. 39216.
'0.00 85.5 8225a. 77412. 64306, 49526. 301c8,

95.00 q0.35 705b8. 66693. 56175. 44236. 31637,
q9,() 95.75 51767. 4q272, 42524. 3903. 26879.

98.9 q.16 35879. 34363. 30350. 2b017. 21825,
,9g 99.p6 25794, 2'400. 222C. 19751. 17880,

STATTION 35
PLOT EXP PRO@ PEAK I-DAY 3-DAY 10-DAY 30-UAY
.01 .79 115212. 77843. 54915. 25533, 128Y2,
.10 1 .Q4 9P922. 675I. 48195. 23022. 11952.

1.00 4.40 80287. 55798. 40 43. 20083. 10832.
5,00 9,64 64601, 45790. 33798, 17503, 9824,
1.00 14,A4 57035, 40914. 30530. 16205, 9305,
30.00 32,72 42704, 31545. 24167, 13601. 8235.
5o",o 5ono 3423. 2 Sq2 6, 20200. 11044. 7529.
70,00 67,28 27!20, 20980. 16797. 10399. 6847.
90.co 85.16 1RI'

Q . 14956. 1443, 8360, 59u3,
95.00 90.16 15146. 12!582, 10681. 7"88. 5480.
9,00 95.60 10111 8524. 7816. 5986, 4716.
9q.l9 96.n6 6197, 5753. 5372. 4506, 3950.
c.99 9 o23 395,, 3C8q. 3815. 3:04. 3369.
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JULY 1972 723-X6-L23 5 0
REGIONAL FREQUENCY COMPUTATION
VERSION DATE - AUGUST 21, 1979

TEST DATA
72a'-X6-L2350

SAVE STATIONS FROM PREVIOUS JOB

NDUR IYRA ISKEW KEEP ICONV IPCHO IPCHS NSTAT NSMTN INCAO

5 1945 1 2 -0 -0 -0 -0 -c -0

REGIONAL SKEW COEFFICIENTS
PEAK I-DAY 3-DAY 10-DAY 30-DAY

-.200 -.400 -.500 -.600 -.800

STATION(S) KEPT FROM LAST RUN. 32, 35,

FREQUENCY STATISTICS OF RECORDED DATA
STA ITEM PEAK 1-DAY 3-DAY 10-DAY 30-DAY

33 MEAN 3.941 3.867 3.781 3.602 3.443
STD 0EV .158 .137 .148 .090 083

SKEW -.320 -.599 -*412 -. 371 .180

INCRIT 0, 0, O 0. 0.
YEARS S. 5, 5, , 5

FREQUENCY STATISTICS AFTER ADJUSTMENT WITH A LONG TERM STATION
STA ITEM PEAK 1-DAY 3-DAY 10-DAY 30-DAY

32 MEAN 5.123 5.089 4.984 4.835 4.621
STD DEV .161 .154 .142 .083 .076

SKEW -.200 -.400 -,500 -.600 -.800

INCRMT 0. 0. 0O 0. 0O

EQUIV YRS 6.0 6.0 6.0 6.0 b6O

35 MEAN 4.520 4.401 4.297 4,070 .3.873
STD 0EV .194 .168 .162 .104 .082

SKEW -.200 -.400 -,500 -.600 -.800

INCRNT 0, 0. 0, 0. 0.
EQUIV YRS 6.0 6,0 6.0 6.0 6.0

33 MEAN 3o921 3,854 3,776 .3,S93 .3,449

3TD DEV 1155 .131 .135 .088 1080
SKEvf -.200 -,400 -.500 -.600 -.800

INCRMT 0. 0, O 0. 0.
EQUIV YRS 5.6 5.7 3.8 5.5 5,4

CORRELATION COEFFICIENTS OF RECORDED DATA FOR PEAK DURATION

STA 32 35 33
WITH SAME OURAION

32 1.000 .5q9 .828
35 ,599 1.O0D .824
33 .828 .824 1.000

WITH ADJACENT DURATION AT ABOVE STATION
32 .996 .520 o701
35 .652 .985 .911
33 .873 .730 .955

CORRELATION COEFFICIENTS OF RECORDED DATA FOR 1-DAY DURATION

STA 32 35 33
WITH SAME DURATION

32 1.030 .579 .768
35 .579 1.000 .845
33 .768 .845 1.000

OITH ADJACENT DURATION AT ABOVE STATION
32 .916 .652 .873
35 .520 .985 .730
33 .701 ,19t *935
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CORRELATION COEFFICIENTS QF RECORDED DATA FOR 3-DAY DURATION

STA 32 35 33
WITH SAME DURATION

32 3.000 .588 .876
35 .586 1.000 .728
33 .876 .728 1.000

WITH ADJACENT DURATION AT ABOVE STATION
3P .850 .867 .953
35 0, .857 ,674
33 .623 .781 .974

CORRELATION CCEFFICIENTS OF RECORDED DATA FOR 10-DAY DURATION

STA 32 35 33

wITH SAME DURATION

32 1.000 0. ,297
35 O, 1.000 ,708
33 .297 .708 1,000

4ITH ADJ CENT DURATION tT ABOVE STATIZ;4
32 .828 0. .385
35 .383 .968 .666
33 ,850 783 .973

CORRELATION COEFFICIENTS OF RECORDED DATA rOR 30-DAY DURATION

STA 32 35 33
WITH SAME DURATION

32 1.000 0. .586
35 0. 1.000 .183
33 .586 .183 1.000

WITH ADJACENT DURATION AT ABOVE STATION
32 .690 0. .768
35 C. .805 O
33 0. .706 ,q2o

RECORnED AND RECONSTITUTED DATA

ST4 YEAR PEAK I-DAY 3-DAY 10-DAY 30-DAY
33 1945 5530, 50.0. 4100. 3320. 2270.
33 19ab 13300. 9560. 7700. 4840. 3150,
33 1947 1n300. S360, 8530. 4850, 3510,
33 Iq48 10300, Pu, 6930, 4230. 2790.
33 1949 6470. 54C0. 4300, 3120, 2330,
33 1q50 6664.E 6246.E 6157.E 4151.E 3131,E

FREgUENCY STATISTICS OF RECORDED AND RECONSTITUTED DATA
STA ITEM PEAK I-DAY 3-DAY 10-DAY 30-DAY

33 MEAN 3.921 3,855 3.782 3.605 3.452
STO OEV .19 .126 .132 .081 .077

SKEW .173 -. 185 -.462 -.513 -.256
EgUIV YRS 5.9 5.9 3,q 5.9 5.9

CORRELATION COEFFICIENTS OF RECORDED AND RECONSTITUTED DATA FOR PEAK DURATION

STA 32 35 33
WITH SAME DURATION

32 t.0o .574 .855
35 .574 1.000 .853
33 .855 .853 1.000

WITH ADJACENT DURATION AT ABOVE STATION
32 .995 .475 .739
35 .616 .986 .907
33 .887 ,777 .951
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CORRELATION COEFFICIENTS OF RECORDED AND RECONSTITUTED DATA FOR I-DAY DURATION

STA 32 35 33
WITH SAME DURATION

32 1.00 .526 .795
35 .526 1,n0o0 .8b4
33 .795 .864 1.000

WITH ADJACENT DURATION AT ABOVE STATION

32 .995 .616 .887
35 .475 .986 .777
33 .739 .907 .959

CCRE!ATION COEFFICIENTS OF RECORDED AND RECONSTITUTED DATA FOR 3-DAY DURATION

3TA 32 35 33
WITH SAME DURATION

32 1.000 .558 9904
39 .558 1.000 .647

S904 .647 1.000
WITH ADJACENT DURATION AT ABOVE STATION

32 .836 ,848 .964
35 0, .875 1686
33 .604 .761 .941

CC PELATION COEFFICIENTS OF RECORDED AND RECONSTITUTED DATA FOR 10-DAY DURATION

STA 32 35 33
WITH SAME DURATION

32 1.000 0. .375
35 0. 1.000 .615
33 .375 .615 1.000

WITH ADJACENT DURATION AT ABOVE STATION
32 PPo C. .498
33 *.3h .977 .561
33 A61 .709 ,973 -

CCRRELATION CCEFFICIENTI OF RECORDED AND RECONSTITUTED DATA FOR 30-DAY DURATION

STA 3p 35 33
WITH SAME CURATION

32 1.000 C. .740
35 0. 1.000 0.
33 .740 0. 1.000

WITH ADJACENT DURATION AT ABOVE STATION
32 .744 0. .751
35 0. .81q 0.
33 0. ,385 .923

FPEOUENCY ARRAYS

STATTON 33

NO PLOT PEAK 1-DAY 3-DAY 10-DAY 30-DAY
1 10.91 13300o 976C. 8930. 4850, 3540.
p 26.55 10300. 9360. 7700. 4840. 3150.
3 42.1A 103009 884C. 6930. 4230. 3131,E
4 57,82 6669,E 6246,E 6157.E 4151.E 2790.
5 73.'.5 6470. 540C. 4300. 3320, 2330.
6 8q,09 55300 5040. 4100. 3120. 2270.
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ADOPTED FREQUENCY STATISTICS
5TA ITEM PEAK I-DAY 3-DAY 10-DAY 30-DAY

33 MEAN 3.921 3,855 3.782 3.605 3,452
STO OEV .!45 ,134 .123 .C94 .070

$EW -.200 -. 400 -.500 -.. oo -.800
INCRMT 0. 0. 0. 0. O

COMPUTED FREgUENCY CUnVES

STATION 33
PLOT EXP PROS PEAK I-DAY 3-DAY 10-DAY 30-DAY

.01 .76 25133. 17617, 13090, 7011. 4O6,

.10 1.88 21266. 15677. 11953, 6611. 3932.
1.00 4.30 17255. 13414, 10535. 6070. 3750.
5.00 9.72 14127, 11445, 9218. 5525. 3541.
10.00 14.72 12677. 10463. 8534, 5226. 3416.
30.00 32.f6 9995. 8,31, 7122. 4571. 3118,
50.00 50.00 8434, 7306. 6201. 4115o 2e92,
70.00 67.34 7074. 6196. 5331. 36b2. 2652o
90.0 85.28 5410, 4770, 4173o 30)Oo 2265.
49.00 90.28 47a3. 4177. 3678. 2730. 21U8.
9qO0 95,70 365g. 3185. 2832, 2209. 1773.
99,90 98.12 2706o 2302. 2059. 1699. 1421.
99.99 99.24 2078, 1713. 1534. 1326. 1148,
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JULY 1972 723-X6-L2350
REGICNAL rREqUENCY COMPUTATION
vERSInN DATE - AUGUST 21, 1979

TEST DATA
723-X6-L23

5 0
STATISTICS FURNISHED

NDUR IYRA ISKEW KEEP ICONY IPCHO IPCHS NSTAT NSMTH INCAD

5 1945 1 -0 -O -0 -0 2 -1 -0

ADOPTED FREQUENCY STATISTICS
STA ITEM PEAK I-DAY 3-DAY 10-DAY 30-DAY

32 MEAN 5.123 5.089 4.984 4.8-35 4,6?1
STD 0EV .159 .153 .133 .106 ,U66

SKW -.200 -,400 -.500 -.600 -.800
INCRMT 0. 0. 0. C. 0.

35 MEAN 4.518 4.408 4,267 4.052 3.843

STO DEV ,196 .177 .153 .117 .052
SKEW -.200 -.400 -.500 -.600 -.800

INCRMT 0. 0, O C. 00

REGIONAL SKEW COEFFICIENTS
PEAK 1-DAY 3-DAY 1C-DAY 30-DAY

-.200 -.400 -.500 -.600 -.800

INPUT FREQUENCY STATISTICS
STA ITEM PEAK I-DAY 3-DAY IC-DAY 30-DAY

32 MEAN 5.123 5.089 40934 4,835 4.621
STO DEV .159 .153 .133 ,106 Obb

SKEW -. 334 -.366 -,462 -.599 -.795
INCPMT 0. O. 0. C. 0.

Er.u:v Ys 6.0 6.0 b.0 6.0 6.0

35 MEAN 4.518 4.008 4.267 4.C52 3,843
STD OEV .196 .177 o153 .117 .082

S ,E s -.278 -. 168 -.027 .168 .398
INCRf'T 0. 0. 0. 0. O

EQUIV YRS 5.6 6,0 6.0 5.8 5,9
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COMPUTED FREQUENCY CURVES

STATION 32PLOT EXP PRB PEAX I-DAY 3-DAY 10-DAY 30-DAy.0! .74 446115. 342977. 222370. 127450, 58504..10 1,84 371280, 300235, 201503. 1193a8, 56939,1.00 4.25 25084. 251317. 175691, 108407, 54454,5.00 9.65 236862, 209670. 152007. 97546. 51588,11.00 14.65 21C287. 169276, 139799. 91627, 419866.30.00 32.63 161945. 149725, 114b88. 78837. 45759.50.00 0.0o t34167. 125648. 98857, 70064. 42623,70.00 67.37 110750. 104117. 83904. 61459. 39277.e0,o0 85o35 ;2095, 77257. 64335. 49497, 34132,qs.0') 90.35 71386, b6397, 56098. 44191. 31641,79.00 95.75 53600. 48734. 42243, 34833. 26819,99.90 98.t6 3852q. 33646, 29892. 25933, 21818.9Q899 99.P6 28829. 2405, 21711. 19663. 17e48,

STATION 35PLOT ExP P908 PEAK 1-DAY 3-DAY 10-DAY 30-LAy.01 .7T 146877, 83998. 48381. 22408, 10583,.!0 1.91 1t7125, 72011, 43 1 q6, 20837. 10233,1.00 4.34 80243. 586:9. 36894. 18742. 96a1,5.00 9.77 67301. 47535. 31233. 16681. 9052,10.00 14.77 5811a, 4222e, 28365. 15567. 8678."JOo 32.69 42118. 32198. 22633. 13187. 7799.s0,oo 33460, 26287. 19040, 11577. 7141.70.00 67.31 P63f7, 21150. 1s765, 10018. 6451.Q,.10 85.p3 10338. 14976, 11616. 7839, 5018,95.00 90.23 15344, 12569. 9922, 6961. 4931,
qO0 95.66 10777. 8788. 7160, 5353. 4027,99,90 98.09 7174. 5729. 4009. 3865. 3108,99.99 99,23 5018. 3876. 3329, 2648, 2421.
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EXHIBIT 5

DEFINITIONS 723-X6-L350

AA(I) - First half of description for duration I
AB(I) - Second half
ABS - Computer library function for absolute value of

number
ALOG - Computer library function for natural logarithm
ANYR(I,K) - Number of years of data for station K and duration I
ANYRS - Number of years of data in study
AV(I,K) - Mean logarithm (or sum of logarithms) for station K

and duration I
AVGSK - Average regional skew coefficient
B(K) - Regression coefficient for variable (K)
BB - Regression coefficient
BC - Regression coefficient
BLANK - Symbol to identify recorded data
CB - Regression constant
CC - Regression constant
CROUT - Program subroutine to solve simultaneous equations
DQ(I,K) - Increment added to all flows for duration I at station

K to preclude infinite negative logarithms
DTRMC - Multiple determination coefficient
E - Symbol to identify reconstituted data
I - Index for duration
IA - Indicator in column 1 of first card for each job
ICORL - Indicator, when positive calls for computation of

correlation coefficients

ICSE - Indicator, case number specifing cause for no independent
variables in estimation equation
+1 indicates no flows found for correlation
+2 indicates all correlations were zero

II - Index associated with I
INCAD - Indicator, positive value calls for adjustment of

increment to reduce skew coefficient
INDC - Indicator positive when correlation coefficient has

been changed
IPCHQ - Indicator, when positive calls for punching recorded

and reconstituted flows
IPCHS - Indicator, when positive calls for punching statistics
IPREV - Order number in regression equation of adjacent duration
IRCRD(J) - Indicator blank when no record at all stations in year J
IRATO - Indicator, when positive calls for reading conversion

ratios
ISKEW - Indicator when positive calls for reading skew coefficients
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ISTA(K) - Identification number for station K
ISTAN - Station number
IST - Array of station sequence by length of record; longest

record first

ISTY - Array of station record lengths used to build ISTN array
ITEMP - Temporary variable
IThP - Temporary variable
ITP - Temporary variable
IX - Index associated with I
IX - Argument for random number function
IYR - Year number
IYRA - Number of earliest year of record
J - Year index
JA - Index associated with J
JX - Index associated with J
K - Station index
KDUR - Dimension limit for durations
KEEP - Number stations to keep from immediately previous job
KEPT(K) - Station numbers kept from immediately previous job

KRCRD - Indicator, when positive a complete record exists for
all stations

KSTA - Dimension limit for stations
KX - Index associated with K
KYRS - Dimension limit for years
L - Subordinate station index
LA - Index associated with L
LTRA - Letter A for testing IA
LX - Index associated with L
M - Sequence index
MM - Index associated with M
N - Temporary counter
NCAB(I,K) - Number of cross products for station K and duration I
NDUR - Number of durations in study
NINDP - Number of independent variables in correlation

NLOG(I,K) - Number of values for station K and duration I
NSM.TH - Indicator, zero or positive value causes smoothing of

statistics
NSTA - Number of stations in study

NSTAT - Number of stations for which statistics (instead of
flows) are supplied

NSTAX - Twice NSTA
NSTXX - Number of stations kept from previous job incremented by 1
NVAR - Total number of variables in correlation
NYDIF - Indicator, when positive a difference in record length

exists between new data and data from previous job
NYRS - Number of years in study
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P(I) - Exceedence frequency coordinate or ratio to convert
flows to average rates

PLTT(J) - Plotting position for event number J
Q(M,K) - Flow or logarithm for station K and sequence number M
QM(I) - Flow for current station and year and f'or duration I
QR(M,K) - Indicator whether Q(M,K) is recorded or reconstituted
R(K,C+l) - Covariance array for multiple regression equation
RA(I,K,L) - Correlation between stations K and L for duration I
RMAX - Maximum consistent correlation coefficient
RMIN - Minimum consistent correlation coefficient
SA - Sum of mean logarithms for various durations
SAA - Sum of squares of mean logarithms
SAB - Sum of cross products of mean logarithm and standard

deviation
SAC - Sum of cross products of mean logarithm and skew

coefficient
SB - Sum of standard deviations for various durations
SC - Sum of skew coefficients for various durations
SD(I,K) - Standard deviation (or sum of squares) for station K

and duration I
SDA - Standard deviation of short record station
SDB - Standard deviation of long record station
SIN - Computer library function for sine
SKEW(IK) - Skew coefficient (or sum of cubes) for station K and

duration I
SKW(I) - Specified skew coefficient for duration I at all stations
SQA(I,K) - Sum of squares of logarithms in correlation for station

K and duration I
SQB(I,K) - Sum of squares of logarithms at related station in

correlation with station K for duration I
SUMA(I,K) - Sum of logarithms in correlation for station K and

duration I
SUMB(I,K) - Sum of logarithms at related station in correlation

with station K for duration I
T - Large number denoting missing record
TE4P - Temporary variable
TMP - Temporary variable
TMPA - Temporary variable
TMPB - Temporary variable
TMPP - Temporary variable
TP - Temporary variable
X(K) - Independent variable related to station K
XINCR(I,K)- Increment for DQ in skew coefficient adjustment routine
XPAB(I,K) - Sum of cross products of logarithms for station K with

related station for duration I
XQ(I) - Temporary flow array
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SOURCE PROGRAM

C 723-Xb-L?350 REGIONAL FRF0L'ENCY CO:4PUTAT ION# NEC, JULY 1972 1001
C LIBRARY 3'jr.RfUTINFES USEO--ALflGpSINvAB3 1002
c PRGRAM~ SUBRflUTINES CR0UTpR,chfNN-SFE COt'MENTS I-N RNGEN 100
C REFERENCE TOl TAPE ? AT 960,1,11l0.fl 1004
C I' DEXES I=D!jfAT0"N J=YEAR K=STATIrJN L=F-ELATED STA h=SEQUENCE NO 1005
C 10016

DITMENSICN 1007

2!RCRL'(IOO), IOTA(10),ISTN(10),ISTY(10),KEPT(10),NCA8(8,10,20), 1009
3NLO0;C,1o ,P(S ),PLTTC1OC),g(4CO,10),0M(400),OMIN(8,10), 1010
4,I(a'O0,10) ,R'(1r,1),FA(,10,20),SD(6,1C),SKEW(8,1O),SiKW(8). 1011
5394 (511oI !, 10 ').SB(8,1i0,2C) ,SUMA(ap IO,20),Suri(d ICC20) X(400), !012
bx I Nq(1. 10) XPA~ (8~, 1O,20C).xQ(8) 1013
cqm~iCN DTPMC.NINOP,J3 1014
DATA LTRA/1HA/PBLANK/1H /tE/IHE/ 11

KDUP:8 1017
X RS=501018

10 F7RPMATCjX,!7v918) IC19
20 FO0RmAT(1X,F7.0,9F8.O) 1020
30 F7,'iAT (Al ,A3,9A4, 10A4) 1021
40 70R4'AT(X, A3p9A4, 1OA4) 1022
50 FORMATCIHfl 1023
60 FORMAT(1X, I7,I8,8F8.O) 10o!4
70 FtiPMAT (2X,63pA4,F9.3) 1 025
80 FOR1MAT 1jX.2AaF9.3) 1026

DO 90 K~1,Y$TA 1027

IYR~v~n 1029
C PASTE C4RDS UNTIL AN A IN COL It FIRST TITLE CARD 1030o

C **CARD A-1 * 1031
100 READ(5,3,0)lA, (QR(J,1)rJ:1,20) 1032

IF (iA.:iE.LTRA) GO TO ICO 1033
*, CARD A-2#3 **1034

*CARD B .*1036
HEAD(5, 10) NOUR,IYRAISKEW,rEEp,ICONV,IPCHQ4-PCH8,NSTATN3MTH, 1037

1 I:CAD 1038
C TER~MINATE WITH 4 BLANK CARDS, AN A IN CCL 1 OF FIRST 1039

TFe.DUR.LE.Q) STOP 1040
WPRIE(6,30) 1041

110 Fn~iTC1x,3n(19*)/0o JULY 1972,9Xp12H?23-xb-L235O/9H REGIONAL, 1043
It 22 FE~2~C COMPUTATIGN/31H VERSION DATE - AUGUST 21, 1979/ 1044
3 IX,30(14*')///) 10441

TFt(JDUR.LE.KflLR)rGO TO 140 1046
J20 wPTE(6,130) NSTANN0UltNYRs 1047
:30 r'l;9AT(/19H OImZ 3TON ExCEEDED ,SXrbHNSTAr13p5X,5HNDuJR-,I2,5X,5HN 1048

C-9 TO 1,00 1050
140 KR'TE(s,150) tnO?,IYRAeISKE,rEEP,ICONV,IPCHQ,IPCHS,N4STATNSNTH, 1051

1 T'CAO 1052
1150 FrjRM'At (/'iX , HNDUR ,6X,4HIYRAk,5X ,5HISKEW,bX,4HKEEP.5x ,5HICONY,Sx,5N1 1053

IPOHO, 5X, HIPCHS,5X,5HNSTAT,5X, 5HNSMTH, 5X, HINCAD, /10110) 1054
*CARD C **1055

IFSE.Lu.0Y30 To 200 1057
A v 3 K 0. 1058

C * CARD D * 1059
READ(5p20)(SXN(I),Iz1,NOU. 16
WRITE(bpI6D) 1061

150 FO~T/7 REGIONAL SKEW COEFFICIENTs) 1062
'RITE(b, 170) (A4(I) ,A8CI) ,Tzl*NDUR) 1063

7C FV0PMAT (20)X.,A4p7 (3x,2A4)) 10611
~49'TE(6, 180) (Snw(I)vI21,NDUR) 1069

130 FflP4AT~6bx IoFil3 1(01
DO 190 IZI,NDUR 1067

100 Av5KZ.AG.SK*8W(I) 1066
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TEMP=NDUR I0693
4V 'SK:AVGSK/TE4P 1070

200 T~qcq999. 1071
1012

IYFRmI!RAw1 1073
NSTA=NSTAT 1074
IF(NSTAT.GT.10) NSTAX1O 1075
NSTXX1l 1076
7F(NSTAT.GT.0) GO TO 300 1077
.NbTA=O0 1076
I %1C o 1079
NY31F."o 1060

C INITIATE -1, NC RECORD F'OR ALL FLOWS 1081
ITO=KDUR*KYRS 1082
D9 210 K=1.KSTA 10us3
DO 210 N1I,ITP 1084

QR(?,K)=-I.)1085
210 CONTINUE 1086

IF(KEEP.LE.O) GO TO 300 1067
C SAVE STATIONS FROM PREVIOUS RUN IF NECES3ARY 1088
C **CARD E **1089

READ(5,10) (KEPT(I)pI:1,KEEP) 1090
WRITE(6p220, (KEPT(I),I=1,KEEP) 1091

220 FODRMAT(/31H STATInN(S) KEPT FROM LAST RUN rI4(IH,16)/31X6(1NI6)) 1092
00 2S0 KZ1,KSTA 1093
DO 270 L=1PKEEP 1094
7F(KEPT(L).NE.1STA(K) GO TO 270 1095
IN') C:1 1096
NSTA=NSTA,1 1097
!STA (NSTA)=ISTA (K) 1098
00 230 11NOUR 1099
NLOG(I,I'STA):O 1 100
nQ(1,NSTA):flg(IvK) 1101
XXNCRCINSTA)2XINCR(I,,K) 1102

230 CONTI11UE 1103
m:0 1104
ITHP=IYRSV-IYRA 1105
MI IP*NDUR 1106
iTP:IYqA-TYRSV+1 1107
IF(ITP.LE.0) ITP=1 1108
IF(mMGE.0) GO TO 240 1109

M=-mm1110
mm~o 1111

240 DO 260 J=ITPNYRS 1112
DI 250 I:1.NCUR 1113

M= 14 +11114
mlMmM+ 1 1115
IF(IRCRD(J),LE.0) GO To 250 1116
TMP: (M, K) 1117
IF(TMP.GE.T) GO TO 250 1118
QR(MM, NSTA)--TMP 1119
NLOG(I, NSTA):NLOGCINSTA)e1 1120

250 Cfl'4TTNUE 1121
260 CONTINUE 1122

Go 7nl 280) 1123
270 -')NT I fE 1 12'4
280 T JI *4UjE 1125

I--(ITHP.NE.0) NYDIFm1 1126
NY5NY9Sf.ITMP 1 127
NSTXX=NSTA+1 11281
IFUN3TA.EQ.KEEP) GO TO 300 12
ITP=KEEP- 4STA 1129
WqITE(6,2QC) ITP 1130

290 Fo;?4l(17H fNOT ABLE To FIND,13,9MSTATIONS )1131
KZ~~F: '*! 5TA 1 132

300 IF(I'!DC.LT.1) NYRSUO 1133
!'(ICONV.LE.0) GO TO 320 1134

C **CARD F 'a1135
PE60 (3#20)(P(I),IN1,NOUR) 1136
WPITE (6,310) 1137
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3110 FZ!PM' t/30H RATIOS TO (C8TAIN RATE OF FLOW) 1138

WITE(b,1l0) (P(I),I:1,NDUR) 1140
GO TO 340 1141

320 DC 330) Im1.NOUR 1142
P.11)= 1. 1143

330 CONTIN' 1144
C SET CONSTANTS 1 145

340 IF'CNSTAT.GT.O) GO TO 2140 1146
0O 350 K -NSTXXvKSTA 1147
ISTA(K)3-1 1148

350 CONTINUE 1149
IYRSV=IYRA 1150
!T P: K UR *K YRS /ND UR 1 151
DO 390 K1j,KSTA 1152
DQ 380 I=10NOUR 1153
IFCK.LT.NSTXX) GO TO 360 1154
NLOG(I,K)=0 1155
DO(I,K):Q. 1 156

360 Do 370 J-1,ITP 1157
N=NDUR* (J-1)+l 1158
akeN,K)=QR(N,K) 1159

370 C ONTINUE 1160
380 CONT IN UE 1161
390 CONTINUE 1162

C **a*a*READ AND PROCESS ONE STATION-YEAR OF DATA ** a**a*1163
C ** CARD G **1164

400 READC5,60)ISTAN,IYR,(QM(I)DI:1,NDUR) 1165
C ** CARD H a 1166
C BLANK CARD INDICATES END OF FLOW DATA 1107

IF(ISTAN.LT.1)GO TO 470 1168
IF(NSTA.LT.1)GO TO 420 1169
DO 410 K=1,I.JSTA 1170

C IDENTIFY STATICN SUBSCRIPT 1171
IF(ISTAN.E0.ISTA(K))GO TO 430 1172

410 CONTINUE 1173
420 NSTA=NSTA'1 1170

C ASSIGN SUBSCRIPT TO NEW STATION 1175
IF(NSTA.GT.KSTA) GO TO 120 1176
K=NST A 1177
ISTAMM)ISTAN 1178

C ASSIGN SUBSCRIPT TO YEAR 1179
430 J=IyR-IYRA 1180

IF(NYRS.LT.J)NYRSZJ 118':
:iF(.GT.O)Gl TO 450 1 182
WRITE(6,4'JO)IYR 1183

440 FORMA1TC/1-9H UNACCEPTABLE YEAR 15) 1184
GO TO 100 1185

C STrnPE FLOWS IN STATION AND DURATION ARRAY. 1186
450 M=(J.1)*NnUR 1 187

DO 460 Iz1,NnUR 1188
M=M.1 1 189
!T'(GtIC).LE.(-1.)) GO TO 460 1190
N.OG(!.K)zNLDGCI@K)*1- -- 1191
D0;(l,K)=DO(IK)*QM(I) 1192
oCmK)=c;MCI) 1193

060 CO2NTINUE 1194
GO TO 400 1195

470 IF(NYRS*NO)UR.GT.KYRS*KCUR) GO TO 120 1196
C * * * * * * COMPUTE FREQUENCY STATISTICS a ** aaa** ** 1197

WRITE(G,480) 1198
4850 FORMATC/38H FREQUENCY STATISTICS OF RECORDED DATA )1199

WRTTE(b,490)(AA(!).AB(I),IZ'INDUR) 1200
490 FoPmAT(SX,1.PNSTA ITEP 3XpA3vA4o7(3x,2A4)) 1201

Do 500 J1.,NYRS 1202
500 IRCRO(J)0O 1203

KRCRD:1 1204
ICnRLEI 1205
IF(N0UR.EQ.1.AND.N3TA.EO.1) lCORL=0 1206
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I J 'C: 0 1207
00 710 Kz1,NSTA 120E
TMPP=T 1209

Do 520 r:I,NOUq 1211

N=3 1212

IAF'K.LT.NSTXX) GO TO 550 1213
7 E!,'PnT 1214A
m= N. UR. 1215

---O JIvNYRS 1216
~.t~I~NDUR1217
7~4~:~2(,K)1218

IF(TMP.LE.C-19)) GO TO 510 11

F(T'!.LT.TEMP) TENPZTMF 1220

510 COINTiNUE 1221
rj'-INlI,X)7FMP 1222
IF(TEP'P.LT.TtiPP) TNPPZTEMP 1223
TE M' N L CO(I,K 122

'F CTEXR.LT.O.l) GO TO 520 1225

D(AI,KIOQC(T,K).OO/TEP; 1226

lFCf)O(IIK).L7,. 9001) DQ(IpK)2 9001 1227

ICCTEFIlP.LT.XMI-V) XPIN=TEMP 1229

520 CONTINUE 1230

rFtC\LU;G(r,x).L(E..) GO TC 530 1232
XINCW(IrK):XMIN/16.*DO(1IK) 1233

TFCXINCH(I,KI .LT..Ol) XINCRCI,K)z.01 1234

530 IF(TMPPGT.0..AND.INCAO.LE.0) oo(IK)c0. 1235

540 CONTINUE 1236

550 DO 5150 I=1,NDUR 1237
ANYR (I, K) :0, 1238
AVCIK):O. 1231

SvEF' I, K):0. 14

lro 1243

r*! iP Jz21,NYR3 1244

ro 510 1:1,TI0UR 12'45

!,= i 12'46

K)T(.) Go TO 570 1247
W = 1248

0R(MK)=9LANK 14

C REPLACE FLOW ARRAY WITH LOG ARRAY 1251

T MP7ALCG (r(MK)+D0(!,K) )**4342945 1252

I" (ICURL.E0.1) 3)(HpK)ZTEMP 1253

C 3fUM4 SQUARES AND CUBES 1254

A, e I=A (I T P 1255
r'?,T.:)=5 (j,~iTmp*EPP12b

, :5,'=K~h (I.K) .TEM~P*TE7' PtTEMP 1257
,' l7j.'5er-1258

C mIS - 5EQUATED TO T 1259

370 r.(M,K)rT 1260

r:';?l K) %E 1261

K4CR9=D0 12b2

580 CWO' 1 ..E 1263

590 CNTINJE 1264

SU;M~o. 1265

DO 1b)PO lmj.NDUR l2b6

TO:?L UG (r,K) 1267

IF (TEMP.LT.0,5) GO TO 6?0 1268
7'': 4V f 1AK) 16

A V (?T K ) =TMP/TEMiP 1270
!r (3 I,!K).LE.0.O.OR,Tt'IP.LT.2.5) GO TO 60C 1271

T"P A: S0(1, K) 1272

o Tp ) =l(In rp )AV (,K) *TM) / TEMP-1.) 1273

TF (,:r(T,K).LE.O,) GO TO 600 1274
1275

-4- EXHIBIT A



S k(I .K).-(TEMP*TFMP*SKEW(TK).3.tTEttpeTHPTMPA,2.*TPTKPTlP)/ 1276

r- ( TO 131278
600 Sflt1.K)=O. 12,q

3K ~w CI, K) = 3 1;?o
610 SUP'=UM+3KEW(IpK) 128!
620 C UNT 1 NUE 12 da

TEMP=NDUR 1263

Nr, '+ A'1265
IF(K.LT.NSTXX.AtJD.NYOIFED.0) GO TO 710 10
IF(N.GTI'oGfl TO 630 1287

C PRINT FREQUENCY STATISTICS 128a
WRITE(6,1070)1STA(K),(AV(I,K),I:1,NDUR) 1289
WRITE(6, 108l) (SD(I,K) , I:1,#NDUR) 1290

WRITE(6,1OQO)(SKEJ(I,K)rImNOUJR) 1292

N~!T(6,110(A~~(I,).I1,NUR)1293
IFI5.LEA.L.0*Q.NCAO.LE.O) GO To 710 129'4

630 :F N.C.E.16) rO TO 710 12?5
IF(SUM.GT.(AVGSK-.1),AND.SUMoLT,(AVG3K..1)) 6O TO 710 1296
INOCZI 1297
M=O~ 1298
DO 6 -O J=1,NYRS 1299
oij 6-)o I1,NflnUR 1300o

Mtl&1 1301
IF(u(mK).GE.T) GO TO 640 1302
TZMP=3(MK) 1303
9(M, K):1O.**TEMP-Dp(IK) 13D4
GI1 TO 650 1305

640 Q(M,K):-. 1306
650 CONTINUE 1307
~60 CONTINUE 1308

IF(SJ41-AVGSl(' 670,710,690 130q
670 DO b5O I=1,NDUR 1310

IF(CNLOG(I,K).LE.0) GO TC 680 1311
DOCIv~c3(IK,1.51312

680 CONTINL'6 1313
GO Tn 5530 3.

690 D0 700 Izl,NDUR 1315
IF(NLQ'OI,K).LE.0) GO TC 700 1316

0r.')D3IK)-XINCR(IrK) 1317
700 CON7It, ; 31

GC TO 550 1319
710 C3NrI *uC 1320

IFer4YWIF.GT.0) NSTXX:1l 1321
N STA X N STA. N .TA 1322
IF (~O~E.)NSTAx!~iSTA 0 123

C IMI7 CORRELATICNS IF ONLY 1 STA AND I DURATION 1324
IT~NS~o1325

IF(ICORL.Eo.l) GO TO 730 1326
P430 1327
ANYR3:O, 1328
D0 720 J21,NY9S 1329
M-.4i 1 1330
!7 ('3(J,1).rE.T) GO To 7?0 1331

ri? (t. I) z9LANK 033
;Rgc 0(!I)=1 1334

720 CONTIMUF. 1335
03 T9 1760 1336

C OMIT C0qRELATICN3 IF No mIS3ING FLOWS 1337
730 IF(KRC~n.Eo.1) G0 TO 1130 1338

C * * * * * *COMPUTE SUNtS OF 5t9UARE3 AND CROSS PRODUCTS *a ** 1339
740 DQ 760 K11,NSTA 1340

D-1 750 i,Nu'~l 1341
DO 730 Lc1.NSTAX 1342

3UMZ (I,KvL)=0* 1344
~ U M (I ~~O *1345
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2 A I, t L) V) 1 3'46
,; KL n 1347

;PAi(I#KtL)20* 1348

770 CONT IE 13':C
760 CiINT ; NUE 1 351

DO 'r~c ;x-1,N3TA 1352
1353

IF(KX.GT.NSTAX) GO TO 820
M= 0 13 ib
Do 810 JzIINYRS 135f3
DO 800 rulpNOUR 1357
M:Ii.1 1350

IF(TErIP.OE.T)GO Ta 800 1360
I~eITRN3.EQ.1) TEMP3=ALOO(TEtiP*Og(lK))*.4342945 1361
05 79'j LxK.NSTkX 13.,2

C SURSCRIPTs ExCEEDING NSTA RELATE TO ADJACENT DURATION 1363
' 7 LL .-.. 5; T1 T 0 77',0 13k4
t.XL-N5TA 1355

TrUTMr.GE.T)GO TO 7970 13fh8
~I~ .c0.)TMPZALCGCTMP#Dg(ILX))*.4342945 136Q

C-i 780 1370
770 ''r )1371

7(T",GE.T)G0 TO 790 1372
19 ( jT'qNS.EG.1) TMP--ALOG (TMP+DO(I,L) )*.4342945 1373

c COUNT AND USE CNLY RECORDED PAIRS 137'4
730 NC~3(IK,L) :NCAUI(I,yK,L)l1 1375

3.IA!.K,L)=SL IA(T,K,L)*TEMP 1376
3UMi3(1,KrL)=5IJM8(IK*L)#TMP 1377?

XP.,~L(PA1 KL)TEP*TEP 1378

!F(L.';T.N5TA) GO TO 790 1381

~ 1383

Zi '!,L.KI=Snb (1,KL) 1385
~ ,CT~(IK,l.) 1386

~ 1387
V) 0 C1T .',L 13'38

300 r1389
a~c r., 1390
C ~ CO? PUTE COPRELArION CEEFFICIENTS *a * a 1391

7 .Pz~ 1392
62.It' i'q0 :1 , NOUR 1393
c5 ZA -'0 - FOP DURATION WITH LONGEST RECORD 1394

IF(ITErMP.LEITMP) GO TO e30 1396
I7?M!=TEMP 1397
ix~i 1398

830 IF(rX.GT,NSTAX) GO TO 570 1399
DO 360 LZKX,%43TAX 1400

C EL~rTATE PAIRS WITH LESS THAN 3 YRS DATA 1401
Tr'NCAP(I,KL'.LE.2) GO TO 840 1402

T~. ~NC ~ (, K L)1403
SAMS(IMA(I,iKL) 1404
SR =S.J! ( I , K,L) 1405
" P'Z(8IA(I,K.L)-3A**2/TEMP)*(SO&(IKL).S8**2/TE~qP) 1406
IF'TM.L.0.) GO TO 850 1407
7 'PB!I I 1408
T "PA X PAB8(I, K L)-S A * SR/TEM~P 1409
IlF(T~PA .LT.t).) TMPEJu-TMPB 1410
TP=tPATp/M 1411

lF'%T,PALT.l.)TMPA=C. 1413
RA'I.K.L)=TV'P8*T4iFA*.5 1414
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640 IF(L. 2T.NSTA) GO TO 0160 14 1 t

GO TO 860 1417
850 RA(I,K,L)MO. 1418
860 CONTINUE 1419q

C ELIMINATE NEGATIVE GROSS CORRELATIONS 1420
870 DO 880 L=I,NSTAX 1421

IF (TEmP.LT.O.O.AND.TEMP.GE.(-1.0)) RA(IPKL)O.9 1423
800 CONTINUE 1424

RA (IK, K) :1 14j:5
890 CONTINUE 1426
900 CONTINUE 1427

IF(ITRNS.NE.0) GO TO 1270 1428
C * * * ADJUSTMENT OF FREQUENCY STATISTICS TO LONG TER1412

00 980 11=1,NDUR 1430
1Ix+I I-i 1431
IF(I.GT.NDUR) I=NDUR-1I*1 2432
00 910 K=1,NSTA 1433
I5TN(K)=K 1434
ISTY (K)=NLOG(IvK) 1435

910 CONTINUE 1436
C ARRAY STATIONS - LONGEST RECORD FIRSTPETC 1437

ITMP=NSTA-1 1438
IF(ITHP.LE.O) GO TO 985 14381
DO 930 KX=I,ITMP 1439
ITP=KX.1 1440
00 920 KIrTP,NSTA 1441
IF(ISTY(KX).GT.ISTY(K)) GO TO 920 1442
ITEMP=ISTfN(KX) 1443
1ST N(K X) ISTN (K) 1444
ISTN(K)=ITEIP 1445
ITEmP:YSTY (KX) 1446
ISTY(KX)CISTY(K)147
ISTY(K)=ITEMP 1446

920 CONTINUE 1449
930 CONTIN~UE 1450

DO 970 KX:1,NSTA 1451
K=ISTN (KX) 1452
TmP3:NL0G(IvK) 1453
1 NlC=O --- 1454
D') 960 L%=i,KX 1455
IF(LX.EG.Kx) GO To 940 1456
ITP:I 1457
L=1ST N(LX) 1458
TmP=NL Cr,(IL) 1459
TMPP=NCABt:I,K*L) 1460
GO To q5O 1461

940 IF(NDUR.Ei.1) GO TO 960 1462
ITP=I-t 1463
IF (ITP.LE.O) !TP=I,1 1464
L=K. NS5TA 1465
TMP=NLOG ( TP,K) 1Q16
TMPP=NCAB (I,K,L) 1467

950 TP=WA(IK,L) 1468
IF(TP.LT.(.1.)) GO TO 960 1469
TMIPA=TMPP/ Cl.-(TMP-TMPP).TP**2/TMP) 10A70
IF(TMPAeLT.TMPB) GO TO 960 1471
I ND cZ1 1472
ANYR(I,K):TMPA 1473
TM P8:TM PA 1474
ITMP=L 1475
ITEMPZITP 1476

960 CONTINUE 1477
IF(INDC.LE.O) GO TO 970 1478
L:-ITMP 1479
ITP:ITE"P 1480

L X V,1'dl
!F(l.GT.NSTA) LX=LX-NSTA 1,4b2
TP= A (ItKL) 1 463
T E4~P=NC AP~(I, K L) 1484
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S '-%VA ( 1 ,K,L 1 1485

SO A Sr A (,KsL)-S A**;.'/TEMP) / TEMP- .) 14 o7

rFf8!)A.LT,0.) SDAZO. 1'4b8
SLDA=S3DA**,5 1489
eDB(OB (IK.L)8B**2/TEMP)/ (TEMP-i.) 1'490

IF(SDB.LT..0005) GO Ta 970 1491

50q=SDR**.S 1a92

T4PP=S0A/3rR 1493

AV(I,K)=S/T.MP4(AVCITPLX).SB/TEMP)*TP*TMPP 1494

SD I(I,K)=S0rAe (SD (rTP,LX)-S08,)*TP**2*TMPP 19

970 CONTINUE 149b

980 CON~TINUE 1497

985 ZFfISME4.GT.0) GO TO 1020 1498

IF(NSMTH.LE.(-1)) GO TO 1050 1499

C SMOOTH 3IKEW COEFFICIENT 1500

DO 1040 K:1,NSTA 1501

SA--o 1502

SC~o. 1503

SAA=O. 1500

SAC=0. 1505

I TmP=NDUR 1506

DO 1000 I=1,NDUR 1507

1I7(NLCG(I,K).LT.3) GO TC q90 1508

IF$E~.I~)GT1)SKEi,(I,K)=1. 1509

I;7(S'KN(I,K) .LT.(-I.)) SKEw(IK)z-1. 1510
IF(NDUR.LT.3) GO TO 1000 1511

TP=AV (I,K)-ALOG(P (I)) 1512

TEmP=SKEW(I,K) 1513

SA=SAl+TP 1514

SC=SC+TE'MP 1515

SAA=SAA*TP*TP 1516

SA',SAC+TP*TEMP 1517

GI Trn 1000 1518
90 ITPPITMP-j 1519

1000 C 0N T INUE 1520

IFCITM1P*LT.3) GO To 1050 1521

TP I TMP 1522

SAAr3A4-SA*SA/TP 1523

SAC=3AC-SA*SC/TP 15241

PC=SAC/SAA 1523

IF(SO.GT.1,) BC:1. 1526

IF(BC.LT.(-1.)) BCz-l. 1527

CC2(SC-BC*SA)/TP 1528

DO 1010 I::1,NDt1R 1529

TEMP=AV(I,K).ALOG(P(I)) 1530

SX<EW (I,K)=CCOC*TE4P 1531

1010 CO'.TINUE 1532

1040 CONTINUE 1533

60 TO 1050 1554

1020 Do1 103o 11i,NDUR 1535

DO 1030 K=1,NSTA 1536

SKEW(I,K)=SKW(I) 1537

1030 CCP'JTINUV 15371
1050 W?TT(6r1060J 1538

1060 FOR41ATC/63H FREQUENCY STATISTICSi AFTER ADJUSTMENT WITH A LONG TERM 1539

I .3'ATICN ) 1540

:RfT7(6,0qf)(AA(),A()#,I1,tNDUR) 1541

DO 1120 K~1,NSTA 1542

WRITE(6,1fl7t)ITA(K,(AV(1,K),I21,NDUR) 1503

1070 FORMAT(/I8,8H MEAN I0FII.3) 1540

WRITE (6, 10A0)(SO (I,K) , 1:1,NDUR) 14

1080 FOPMAT(9X,7HSTD DEv tOF1I.3) 1546
WRITE(6,109t))SKEW(IK),11I,NDUR) 150*

1090 F0R'lATr12X,HSVEW 10F11.3) 11
NpITTE(6,110n)(Dq(I,K),1:1,NDUR) 1509

1100 FPPR1AT(10x,6HNINCRMT FIO.2,qF11 .2) 1550

WRITE(6,2000))(ANYR(IK),1:1,NDUR) 1551

1110 FnRMAT (11X,5HYEARS 10F1I.0) 1552

VO 1120 I=j.N0UR 053S

FXHIRIT 6



APR (I. K)NL"G (I K) 1 554
1120 CONTI\uE 1535

1556
C ******TRANSFORM TO STANDARDIZED VARIATES ffttfttftt tf *1557

1130 D0 1180 K=1,NSTA 1558
Mro 1559
DO 1170 J=1,NYRS I5bo
V1 1160 !I1,NDUR 1561
M=M* 1 15b2
IFCO(M,K).GE.T)GO TO 1160 1563
IF(SO(1,K).LE.0.)GO TO 1150 1564
a(MK)2(0(M,K)-AV(I,K))/$0(ItK) 15b5

C PEARSON TYPE III TRANSFORM 1566
TMPP=SXE.4(I,K) 1567
IF(TmPP.EQ.0.) GO TO 1160 1568
'E--MP=.S*T9PP *Q01, K)+1. 1569
TtP= 1 *1570

IF(TFM;.GE.n.)GG TO 114C 1571
T EM P=-*TEMP 1572
TM P=Tm P 1573

1140 Q(M,K)=6 .*(TMPtTEMPtft(1./3.)-1 .)/TMPP.TMPP/6. 1574
GO TO) 1160 1575

1150 O(F,K)=n. 1576
1160 CINTII.UE 1577
1170 CINTINLC 1578
1180 CONT I IE 1579

IT~rJS=-1 15b0
Gil TO 740 15 1

C * * * * ESTIMATE missING CORRELATION COEFFICIENTS*ftt tft*t 1562
1190 IF(N5TA.LE.1) GO TO 1370 1583

DO] 12b0 I=1,NDt]R 1564

DO 1?50 K:1,NSTA 1587
K X-K+ 1 1588
lF (KX.GT.NSTAX) GO TO 1250 1569
00 IZ43 L=KY,INSTAX 1590

C L A*4D K CORRELATION POSSIBLY MISSING 1591
Ir(PACIKtL).GE.(-1.))GC TO 1240 1592
P ' AX=1. 1593
RMINZ-1 * 1594

C LX SEARCHES ALL DIRECTLY RELATED CORRELATIONS 1595
00 1230 Lx=1*NSTAX 1596
IF(LX.Eg.K)Gn TO 1230 1597
IF(LX.EO.L)GO TO 1230 1598
TEMPZRA (I, K,LX) ts9q
IF(L.LE.NTA)-.0 TO 1200 1600
IF(LX.LE.14STA)GO TO 1210 1601

C SnlTH L AND LX REPRESENT ADJACENT DURATIONS 1602
ITmP=L-NSTA lt 03
ITEMPZLX-NSTA 16 ( M
TMP=RA(IX, ITMPe ITEMP) 1605
GO TO 1220 1606

C L RPRPESENTS CLRRENT DURATION 1607
1200 TMP=RA(I,LLX) 160)8

GO- TO 1220 1609
C LX AND NOT L REPRESENTS CURRENT DURATION 1810
1210 TMP=:'A(!rLXpL) 1611
1220 IF(TMP+TEl!P.LT.C-2.))GO TO 1230 1612

TMPA=(C1.-TMPtTEMP)t(1..TMP*TMP))*tf.5 1613
T'?E TM P TEMP*TM PA 1610

IF(T P0,LT.R'4AX)RMAXsTMP8 1615
F :Pi =T PA PO- T "PA -TM PA 1616

IrCT."PQ * 7 *PM IN)R'ITN:-TMPB 1617
1230 CJNTI!4UE 1618

C AVERAGE SMALLEST MAX AND LARGEST MIN CONSISTENT VALUE 1619

IF (RA(IK,L) .LT.0.O) RD (I,K.L)u0). 1621
11(L.LE.NSTAJ)iA(I,LDK)URA(IKL) 1622
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1250 Cm. 7 16"E
1260 CU1:TTN?4E 1625

GU TO 1370 1626
C * *a PRINT CORRELATION MATRIX * * ** * a* 1627
1270 DO 1360 1 2 ,NDUR 1628

IF(!TRNSoLT.1) WRITE(6, 1280)AA(I) ,AB(I) 1629
1280 F'k'AT(//46H CORRELATYON COEFFICIENTS OF RECORDED DA+A FOR 2A4,9H 1630

l~ll ON )1631

1290 FI;,ATI//64H COr'iELATION COEFFICIENTS OF RECORDED AND RECONS9TITUTE 1633
1D DlATA FOR 2A4,9H DURATION) 1634
WRITE(6#l3on)(ISTA(K),K:1,NSTA) 1635

1300 F3PMAT(/3X,3HSTA 2016) 1636
WRITE (6P13101 1637

1310 FflR!ATf2OE,I8HWITH SAmE DURATION) 1638
00 1 3? K=1,NJSTA 1639

1320 CfU'-7 jNE 161
1330 FOP~1AT lX, 19.20F6.3) 1642

IF (N)iUF.E-;.1) GO TO 1360 1643
WRTTE (' , 1340) 1644

1340 F! R'1&T(2OX,39HWITH ADJACENT DURATION AT ABOVE STATION) 1605
ITP=!5I A. 1646
D9 1350 K=1,NSTA 1607
WRITE(6.1330)ISTA(K), (RA(I,K,L),L=ITP,NSTAX) 16'48

1350 C JN T T,' LE 1609
1360 C.34 ',. E 1650

I (KL'CP9.E0.l) GO TO 1760 1651
lF-'TRThJ) 1190,1190,2020 165.2

C , * * * RECONSTITUTE MI1SSING DATA * a * 1653
1370 M=() 1654

NVAR=NSTA,1 1b55
DO1 1750 J=IOJYRS 1656
IF (IRCROD(J).EO.l) GO TO 1380 1657
m=m+Nouq 1655
GO TO 1750 1659

1380 0C: 1700 Imt,NOUR I 660

MX=4 1662
'iMi* l b63
IF Cy.Er,.1)ml'=M.1 1bb'
Dql 1730 K=I,!N5TA 1665
K(x:I.STA*K 1666
IF (.('4K).LT.T.OR.NLDG(IK).LT.3) Go To 1730 1667
14!tn.fpzO 1668
p~: vo 1669

C FORM CORRELATICN MATRIX FOR EACH MISSING FLOW 1670
00 1450 L=1,NJSTA 1671
LA =NIIVIP 1672
IF(L..El.K)GO TO 1020 1673
IF(r.(m,L).GF.T)G0 TO 1450 1674
NI'4DP=\INDP.1 1675
X ( I2O P) ral(M &L) 1676
On 11J10 LX =L,NSTA 1677
IF(LX(.Eg.K)GO TO 1390 1b7a
IF( (",LX).rE.T)GO TC 1410 1679
L AZ~ 1 L bbC
Q(TjP L )R (v ,X 1661
Gti TO 1000 1682

1390 IF (NjUUR.EQ.j) GD TO 1410 1683
IF(',jM4,LX).GE.T)GO TO 1410 1684
LA=LA.1 1685

CRACIL#KX) 16!56
1400 RCLA,NTKIP) c R(NINDP,LA) 1687
1010 CUNTI'NUE 1688

R (NI l OP, N AR)3 P.A (I,*Lr*K) 1689
GO TO 1450 4.690

1020 Ir'~R.~1 GO0 TO 1450 1691
I~r~M~.E.)oTO 1450 1692
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NINDP=NINoP.1 1693
I P PLV )'IN OP 1694
X (NINDP)=U(MMvL) 1695
00 1440 Lx =LvNSTA 1696
IF(LX.EQ.K)GO TO 1430 1697
IF(O(MtLX).GEoT)GO TO 1440 1698
LA=LA.1 1699
R(NINOPLA) 2 RA(I.LX,KX) 1700j
R(LAtfN0I) :(NINDPLA) 1701
GO TO 1440 1702

1430 LA=LA.I 1703
R(NINDP,LA):1 * 1704

1440 CONTINUE 1705
R(NINDPoNVAR)ZRA(I@L,KX) 1706

1450 CONTINUE 1707
C CASE NUMBER 1 RESULTS WHEN NO FLOWS ARE FOUND FOR CORRELA 1708

ICSE:1 17(ig
IF(tIISDP.LE.0) GO TO 1510 1710
ITMP=NINDP.1 1711
DO 1a60 Ix:1.NINDP 1712

1460 R(IX, ITtAP)SRCIXPNVAR) 1713
C :::1714
1470 CALL CROUT(R) 1715

C :::1716
ITEMP=NINDP. -- 1717
TEMP:1 . 1718
ImiflC=0 1719
On l~q0 L=1,NINDP 1720
VTirPABS(RCL, ITEmP)) 1721
IFC74P.GT.TFMP) GO TO 1480 1722
!F'(L.EQ.IPPEV.AtND.TmP.GE..9) GO To 1480 1723
T FI'P: 7 PP 1724
IT'7 1725

148?, 1-(P(L,ITEMP).LT.O..AND,8(L).GT.(.C1.5).AND.BCL).LT..5) GO TO 1490 1726
!F'L,ITEMP).GT.0..ANO,.S(L) .GT.(-.5).AND.8(L).LT.1.S) GO TO 1490 1727

I!) DC 11728
1490 CONTINUE 1729

IFCINDC.GT.0) GO TO 150C 1730
IF(DTRmC.L.E.1..AND.0TRMC.GE.O.) GO TO 1590 1731

C IF MATRIX INCONSISTENT, OMIT VARIABLE WITH LEAST CORkELAT 1732
1500 IT"P=NINDP-1 1733

IFfIT !P.GT.0) SU TO 1530 1734
C CASE NUMBER 2 RESULTS WMEN ALL CORRELATIONS ARE ZERO 1735

ICSE=2 1736
C POSSI2LE BRANC1H FROM 870.2 1737
1510 IvR:IYRA+J 1738

WRITE (6. 1520) ISTA (K)t.1,IYR, ICSE 1739
1520 FOJ;, AT(/23H ZER CORRELATION FOR STA ,16,10H DURATION .12,6M YEA 1740

14 .I5rbH CASE ,121) 17a1
E tl) =o. 1742
X (!)=0 * 1743
o p MC: 0, 1744
GO TO 1590 1745

1530 IF(ITF.GT.I7MP) GO TO 1560 17a6
DO :95(l L=!TPrITMP 17

1540 7(L,Lt)=R(L.lpLA) 1749
1550 Y(L)%X(L.1! 1750
1560 DO 1 t0 L=1,ITMP 1751

DO 1570 LA=ITP,NINDP 1752
1570 R (lLA)=P.(L,LA+1) 1753
1580 CONT~rNLE 1754

NINDP=TTMP 17bs
GOl TO 1470 1756

C ADD RANDOM COMPONENT TO PRESERVE VARIANCE 1757
1590 TMP=RNGEN(IXY) 1758

'EMv':RNGEN(IXX) 1b
TEMP:(-2.*ALOG(TEMP) )*5*31N(6.2832*TMP) lb

C COMPUTE rLOW 1761

-11- EXHIBIT 6



TEMP=EM'P*(1 .- DTRXC)**.5 1762
DDJ IS.3D 0 ,4IK 1763
T EM P 7EM F 0 L) * xCL) 1764

1600 CONT~INUE 1765
rM,K):T.'-MP 1766

AN YR( I,K)=:A NYR (IK) .0TR 1VC 1767
T I'IO(MD K) 1768

C AOID NF~w VALUE TO SUMS OF SGUARE3 AND CRC33 PRODUCTS 1769
DO 1670 L=1,NSTAX 1770

C SUBSCRIPTS EXCEEDING NSTA RELATE TO PRECEDING MONTH 1771

1610 IF(L.LE.N3TA) GD TO 1620 1772

LX: L * S TA 1773
IF (I.EQ.l) TMP=G(M.1,LX) 1774
IF(T.GT.1) TMPMGCN-1,LX) 1775
GO TO 1630 1776

1620 TMP:-QCM#L) 1777
1630 IF(TMP.GE.T) GO TO 1670 1778

C COUNT AND USE CNLY RECORDED PAIRS 1779
NCA8(I.KrlIJNCA3(r,K,L)41 1780
Sjl A(I,KvL)'4UXA(IvK,L)4TP 1711

S:JCI ,K.L) :SUHB( I K ,L) .TMP 1782

S~a CIPKoL) SUA CIKoL)+TF*TP 1783
5'-B CI,KvL):SG8 CIPKL)#TMP*TMP 1784

XPAB(I,KoL)=XPABCI,K#L)VTP*TMP 1785

IFCL.GT.NSTA) GO TO 1640 178b
NCAB(I,LpK)-NCADCI#KL) 1787
SlJMA(ILpK)=SUM8(I.KpL) 1786

S'JBILPK):SUMA(IPKPL) 1789
SaA (I,LK)2S0B (I#K#L) 1790

S:19 CILoK):S0A CI,KPL) 1791
XPA8(I,L,K)=XFA8CIvK,L) 1792

C RECOMPUTE CCRRELATION COEFFICIENTS TO INCLUDE NEW DATA 1793

C ELIMINATE PAIRS WITH LESS THAN 3 YRS DATA 1794

1640 !IftJCA9CI,K,L).LE.2) GO TO 1670 1795
T;EY'=NCAU3rIpKL) 1796
T.P=CSlACI,K,I*, "r,L) *SUMA(IPKPL)/TEMP) *'gB(I,K#L)-SUMS 1797

1CIKL)*SIIP91' EMP) 1798
C ELImIh.4Tt iJAIRS WITH ZERO VARIANCE i.40wiCT 1 79q

IF(T'4.LE.0.) GD TO lEiO 1800
T1IPB:1. 1801
':iPA=XPABCI,K,L)-SU4A( Z.K,L)*SUMI I,K,L)/TEMP 1802

C RETAIN ALGE171 dO SIGN 1803
IF(TPA.T.O)TMP:.T '81804

7 U P42TM PA *T UO A/TM 1' 1805

RA(I,KL=TflPR.T4PA**.3 1806

IFCRACI,KL).GE.O.) GP T701660 1807

1650 F>I',).18o8
1660 Ir(',.GT.,43TA) GD TO 1A70 16309

P ( !,*L, K)=P4~(I, K,L) 1810

1670 CO':TJ\i; E 1811
IFCN)uR.EQ.1)G0 TO 1730 18,12
DO 1720 L=I,NSTA 1813
t 7 P20 1814

lx:*I~l1815
iF(IX.GT.NDIUR) GO TO 1680 1816
TMP=QCM*1,L) 1817

G'O TO 1700 1818
1680 I-(JIrT.2) GO TO 1730 1819
1690 TrP=QCm.1,L) 1820

IX:I-I 1821
ITP:1 1822

1700 17(T'-P.GE.T) GO TO 1720 1823

NCAHCIX,L,KXJZNCABCIXfLpKX)+1 1824

SUMACIX,LKX)ZSIJMA(IXL,KX)+TMAp 1825
S UMB (IX,L, K X) :UMS CIXL, K X) T P 1826

SUA (IX,LrKX32SQA CIXL#KX)+TMP**2 1827

SjB C Ix,L,KX)=SriB (IXpLtKX)+TP**2 1828

XPACIX,L,KX)XPABCIXL,KX]+TMP*TP 1829

IF(!CAR(Ix,LKX).LE.2) GO TO 1720 1630

TE'P:NCA8 (IX.LKX) 1831
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T7ILP:(S0A(IX,L,KX).SIJMA CIXDLKX)**2/TEMP)*(SQBEIX.LKX)- 1832
15 UN3(1K, LK K)** / T ErP) 1833
IF(TMP.LE.O,) GO TO 1710 183P
THPB:1 * 1835
TIPAZXPAS.(IX.LKX)-SUMA(IX.LKX)*SUIIB(IXLKX)/TEMP 1836
IF(TMPA.LT,0.) TMPB:-TMFO 1837
TMPA=TMPA*.p./TMP 1838
PA (Ix#LKX)=TMPB*TM'PA**.S 1839
IF(RA(IX,L,KX).GE.0.) GO TO 1720 1840

1710 RA (IXPLPKX)=0.181
IF(I.EG.P.A'ID.ITP.LT.1) GO To 1690 14

1720 CONTI?,UE 18Q3
1730 CONTINUE 1844
1740 CONTINUE 1845
1750 CONTINUE 1846
1160 WRITE(6,50) 1847

WRITE(6, 1770) 1848
1770 FORMAT(334 RECORDED AND RECONSTITUTED DATA 189

DO 1960 K=I,NSTA 1850
!F(K.GE.NSYXX) WRITE(6,1780) (AA(I) ,AB(I) uIzlNOUR) 1851

1780 FORMAT(/2X,IOH STA YEAR 4X,A3,A4,9(3xp2A4)) 1858
M=O0 1853

C CONVERT STANDARD DEVIATES TO FLOWS 1854
ANYRS:NYRS 1855
DO 1890 J:1,NYRS 1856
IF (IRCRD(J).EQ.1) GO TO 1790 1857
M=MNOH l 8b8

ANY P 5A NYRS- 1. 185o
GO TO 18q9086

1790 DO 1870 I=1,NDUR 1861
I4:M~1 1862
X(I)=OR(m,'.) 1863
X (I) Q (M, K) 1864
IF(ICORL.EO.Q)GO TO 1870 1865
IFNO(,K.T3 GO TO 1860 18t,6
TEMP=Q (NK) 1867
T1HP: SKEW (I, K) 1868

C USE ADOPTED SKEW FOR RECONSTITUTING 1869
IF(ISKEW.GT.0) TMiP:SKW4(I) 1870
IF(TMP.EO.0,1 GO TO 1820 1871

I~o(,K..)GO TO 1820 1873
TM4PP=(-2.) /TMP 1874
IF(TMP) 1800,1820,1810 1875

1800 IF(TEMP.GT.TMPP) TEMP:-TPPP 187b
GO TO 1620 17

1810 TF(TEMP.LT.TMPP) TEMP=TFPP 1878
1820 T'!P=TEmP*SO CIK)*AV(IK) 1879

TEMlP=10.**T-'P-Dl(I,K) 1880
IFCTE!P.LT.0.) TEMP=0. 1881
IF(TEMP.LT.QMIN(IrK)) OMIN(X.K)UTEMP 1882
O (M,K) :TEMP 1883
IF(I.EG.1) GO TO 1650 1884

IFP((M ,K).TP)/CO TO185 1886
IF(Q(M,K).LT.EM) GO TO 180 1887

ITP:I-1 1888
0') 1130 L=1,ITP 1889
T , P: Q(F1-L, K)'P (1)/P (1-L) 1890
IF(T."P.LT.O(MK) .AND.OR(M-L,K) .EO.E)0(M-L,K)mQ(tl,K)*P(I-L)/P(II 1891

1830 CONTINUE 1893
GO- TIJ 1030 189'4

1840 G('4,K):T149 1895
1850 X0(!)2Q(MoK) 1896

GO TO 1870 1897
1860 XIC1. 1898
1870 CONTINUE 18%9

IF(K.LT.MSTXX) GO TO 1890 19C0
YI Y!V4AA*J 1901
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i~IE~,14fl 13TA(K),IYR, (XO(l),X(I),IaINDUR) 1902
1880 FO4JIAT(216,F1I .0,A1 ,F10.O,AI ,8(FIO.0,A1)) 1903

IF(IPCHO.GT.0) NRITE(T,60) ISTA(K)vIYRCXQ(I)pI31pNDUR) 1904
1890 C ONT INUE 1903

'IF(K.LT.NSTXX) GO TO lqeo 1906
TF(ICORLEO.O.OR.KRCRD.GE.1) GO TO 1980 1907
1 NO C 0 1908

jq0O DO 1910 I=1,NDUR 1909
IF(CMIN(I,K)4DQ(.IrK).GT..O001) GO TO 1910 191C
iNoc:1 1911

1910 CONTINuwE 1912
IF(ISN)C.LT.1) GO TO 1930 1913
DO 1920 I=1,NDUR 11

1920 CONTINUE 1916
GO TO 1900 1917

C * * * * * * RECOMPUTE FREQuENCY STATISTICS a*** * **a*1918

1930 01 1970 I=1,NDUR 1919
IF (NLOC-(IK).LT.3) GO TO 1960 1920
TMP=0. 1921
TEMP=O. 1922
TMPA:O. 1903
M=I 1924
DO 1950 J:1I,NYRS 1925
IF (IRCRD(J).ElQ.0) GO TO 1940 1926
TP=ALOG(G(l1,K)+DQ(I,K)) 1927
TM P=T7 P *7P 1920
TEMP:TEMP+TP*TP 1929
TMPA=TMPATP*TP*TP 1930

1940 M = + NDUR 1931
1950 CONTINUE 1932

AV(I,K)=TMlP*.4342945/ANYRS 1933
SD(1,K)=( (TEMP-TMP*TMP/ANYRS)/(ANyRS1.))**.5 1934
SK(C, X)=(AN4YRS*ANYRS*TMPA-3.*AN'YRS*TMP*TEmP2.*TiPPaa3)/ 1935
1 (A NYRSa (ANYRS-1 .)*(ANYRS.2.)*SD (I,K)**3) 1936

1937
SD(I,K):SD(!,K)*.4342945 1938
GO TO 1970 1939

1960 A,4YR(I,K):0. 19'40
1970 CONTINUE 1941
1930 CCNTINUE 1942

IFUCURL.EG.O.OReKRCRD.GE.1) GO TO 2020 1943
WRITE(6,50) 1944

~.RITEC,11990
1990 FOkMAT(//56H FREOUENCY STATISTICS OF RECORDED AND RECONSTITUTED DA 1946

iTA ) 1947
WRITE(6,490)(AA(I),AB(I),lI,NDUR) 1948
00 2(110 K:N5TXX,NSTA 1950

WT-(6, 1070) ISTA (K),(AV (IK) , 1:1,NDUR) 15
WITE(6,10'nO)(SDCIK)vI:1,NDUR) 1951

WRITE(6, 1090) CSKEw(IK) ,I:1,NOUR) 1952
WRITE (b,200n) (ANYR(IU1K) I~1,NDuR) 1953

2000 F9R?AT (7X.9HEQUIV YR~s I0F1I.1) 1954
2010 CONTINUE 1955
C RECriMPUTE CCRRELATION MATRIX 1956

ITRNS l 1957
GO TO 730 1958

C aaaa**ARRANGE FLOWS IN ORDER a* a aaaa*aaa*a19,59

C COMPUTE MEDIAN PLOTTING POSITIONS 19bi
TEmOri ./AtNYRS 1962
P LTT 7Cl)=(1*-*a* TE mP)*a10 0.. 1963
TEMP=(1"0.-PLTT(l)-PLTTC1))/CANYRS-1.) 19b4
DO 2030 J:2,ITMP 1965
FLT' (J)=PLTT(J-1)+TEMP 19b6

2030 C 0NT 1!-1,E 19(17
W'4ITE (6,2040) 19h8

2040 FORMAT(//17H FREQUENCY ARRAYS) 1969
DO 2131 KeNSTXXNBTA 1970
DO 2080 I11NDUR 1971
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M~I 1972
1973

IF(CM(I).GE.T) QM(!)s-T 1974
xcr)=oRcm,x) 1975
JAZ1 1976
DO 2070 J=2,NYRS 197?
M=MNDUR 19",. 1 .i78
IF (IRCRD(l). ~..1 TO 2070 1979
JA=JA+1 1980
TEMP=0(MpK) 1981

JX=JA*DUR~l1982
DO 2350 L=2,JA 9
LX=JX-L*NDUR 18
IT P=LX.ND UR 1985
IFCOm(LX).GE.TEMP)GO 1 2060 1986
GA1 CP I -P C (LX) 1987
X (!TP)=X (LX) 198

Z 05 0 C 'JN T I !U E 19,q9
O '(I)=TEMP 1990
X(I):OR(M,K) 1991
GO TO 2070 1992

2060 QM(ITP)=TEMP 1993
X(ITP)=QR(M,K) 1994

2070 CONTINUE 1995
2080 CONTINUE 1996

WRITE(6t2410)ISTA(K) 1997
2090 FORMAT(/10H NO PLOT 3X,A3,A4,9(3X,2A4)) 1998

WRITE (6,2090) (AA(l),AB(I),I1,lNDUR) 1999
M~0 2000
DO 2120 J=IITMP 2001
DZO 2100 I=1,NDUR 2002

ll=M 12C00
X,1I)=X(H) 2004
XQ(I)OQMCM) 2005
IF(NLCG(I,K).LT.3) xacr)c-t. 2006

2100 CON~TINUE 2007
WRITE Cb,2110)JPLTT(J), (XQ(I),X(I),IulrNDUR) 2008

2110 FOIRMAT(1X.,13,Fb.2,F11.OAI,9(FIO.0,AI)) 2009
2120 CflNTIrNUE 2010
Z130 CDNTIlrE 2011l

GO TO 2170 * aa 2013
C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ******21
C READ STATISTICS# IF SUPPLIED 2014
2140 WRtTE(6,215n) 2t
2150 FORMAT(/27H INPUT FREQUENCY STATISTICS )2016

WRITE(6,490) (AA(I),AB(I) ,I:1,NDUR) 2017
DOl 2180 K=I,NSTA 2018
DO 2170 I:1,NDUR 2019

C **CARD 1 * 2020
READ(5,2160) ISTA (K) ,AV(IK),SD(2,K)#,SKEW(!,K) ,DQ(IK),AINYq(I,K) 2021

2160 F0RuAT(lX, 17,8x,5F8.0) 2022

2170 CONTINUE 2024
WRITE C6,10?C)ISTA(K),CAv(1 1K),I:1,HDUR) 2025
WRITEC6,1080)(SKE(I,K),I:1NDUR) 2027
WlITE(6, 1100) (UQ@(IK) ,I:1,N0UR) 2028
w~I7E(6 1 200O) (ANyp(1,pK)jI:1,NDUR) 2029

2180 CON:TINUE 2030
2190 Dn 2250 K=NSTXXNSTA 2031

C * * * * SMOOJTH STATISTICS aaaaaaaaaaaaaaaaaaa 2032
IF (NSKTH.LE.(.1)) GO TC 2230 2033
IF(NDUR.LT.3)GO To 2230 2034

C SUMS# SQUARES AD0 CROSS PRODUCTS 2035
5t :0.a035

SHO3. 20V?
sc~0. 2038
SAA=0. 2039
SA;3=0. 2040
SAC~0. 20i41
T MP:NDUR 204~2
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CO 2 10 I=1,Nt)UR 204.3
IF CNLCG(I,K).LT.3) G0O'1O 2200 2044

TP2AY(I*K)-AO(~ 20'45
IF =(lvE~IK) .0.. rEqIKU.20i46

TEK'h(IEK(II. 2049
oe.Kl* r It 2050

TECSJ=3EW1, 2049

SAA=3AATP*TP 2053
SAS=SAB*TP*TMP 2054
SAC=SACTP*TEMP 2055
GO TO 2210 2056

2200 ITMP:ITM~P-1 2057
2210 C 0NJT I NUE 2058

IF (ITF'P.LT.3) GO TO 2230 2059
C LINEAR REGRESSION, ST 0EV AND SKEW VS MEAN 20b0

TP=ITMP 2062
SAA=SAA-SA*SA/TP 2b
SA8=Sk83A*S~/TP20
SAC=SAC-SA*SC/TP 2064

C LIMIT REGRESSION COEFFICIENT FOR CONSISTENCY 2065
B3:SAO/3AA 2066
IF (B9.GT..25)I9=,25 20b7
IFCPB.LT. (..25))Bx-.25 2068
SC=SAC/3AA 20b9
IF (BC.tVT. 1.)t3C:1, 2070
IF(8CLT. CMI.) )8C=-1. 2071

C REGRESSION CONSTANTS 2072
SA=34/TP 2073
SR=S5/TP 2074
CbS3-9ii*SA 2075
SC=SC/TP 2016
CC=SC-BC*SA 2077

C COMPUTE SMOOTHED 3TATISTICS 2018
00 2220 I:1,NDUR 2079
IF (NLOG(I.IK)*LTe3) GO TO 2220 2080

SD (I, ):Cd+AB~*TEvP 2082
IF (5O(I1 K).LT.0.) SO(I,K)2O. 2083
5 KE W(I, K)=CC+Fl* ~ TEMP 2084

2220 CONTINUE 2085
2230 IF (ISKEW1.LE.0) GO To 2250 2086

DO] 2240, I=1,NDIIR 2087
';KFW(IPK)zSxw(I) 2088

2240 CONTIN4UE 2089
2250 CONTINLE 2090

ILF (NLLR.LT03.AND.ISKEW.LE.0) GO TO 2290 2041
WRITE (6, 50) 2092
h?1TE (6, 2260) 2093

2260 F-']R.;AT%'//29H ADOPTED FREnUENCY STATISTICS) 2094
WRIlTE (6,49l) (AA(r),A8(I),I:1,NOUR) 2095
00 Z 30 K=NSTXX,NSTA a096

We)'TTEc(6,1f)70)ISTA(K),(Av(IK),I:1,NDUR) 2097
w.RTTE.1b,1080)(3J(1,K),I:1tNOUR) 2098
WRITEf6,1090)(5Y.EW(Ipg),I=1,N0UR) 201;9

WRITEC6, 1100) CD?,),I OR 1 o0
IF(IPCMH3.GT.0)WRITE(7,2270) CISTACK),AA(I),AB(I),AV(XK),SDCIPK),SK 2i'J1
IEJ(I,K) ,OQ(I#K) ,ANYR(IK) ,T=1,NDUR) 21(1c

2270 FokmAT(I8,IX,A3pA4v3F8.3,2F8.2/ (I8,2A4,3F8.3,2F8.2 ))213
2280 CONTINUE 2104

2105
C ***'**COMPUTE FRECUEPCY CURVES ** a * * **2106

2290 TMPA=100. 2107
X(1)=3.73 2108
X(2)=3.09 2109

X~l)2.332110
X (4)=1 *64 2111
X (s)=1.28 2112
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- 211 J
~V~E 6,50)2114

HPITE (6,2300) 2115
2300 FoRMAT(26H COMPUTED FRECUENCY CURVES) 2116

rm 2470 K=N5TXX#PSTA 2117
T!IPB=O * 2118
TIIPP:Q * 2119
DO 2400 II:1,NDUR 2120
I=NDUR-X1.+1 2121
IF(NLOG(I,K).LT93) GO To 2310 2122
TtiPP=TMPP+1 * 2123
TP=SKEW(I,K) 2124
T iiPB:TM PB +A NYR (I.K) 2125

2310 DO 2390 J=1,13 2126
IF (N.0G(I,K)*LT.3.ANO.NSTAT.LT.1) GO TO 2380 2127
TEMP=0. 2128
IF(J-7)2320,2340,2330 212'9

2320 TEMP=X(J) 2130
GO TO 2340 2131

2330 TEMF:-X(14-J) 2132
c PEARSON TYPE III TRANSFORM 2133
2340 IF(TP.EQ.0.) GO TU 2370 2134

TEMP=2./TP.((TP/6.*(TEMP-TP/6.),1.)**3-1.) 2135
TMP=(-2.)/TP 2136
IF(TP) 2350,2370,2360 2137

2350 IF(TEMP.GT.TMP) TEMP=TMP 2138
GO TO 2370 2139

2160 Tr(T!-P,LT.!'P) T Fm':! T "P 1.I'O
2370 TmP=AvfIK)4,T~LMP*SD(I,K) 2i-41

QR(J,I)=10.*TIP-Do(I.K) 21142
IF(3RfJ, U .LT.0.) IR(J,I)30* 2143
IF(II.EG.1.flP.J.LE.8) GC TO 2390 2144

IFClR(J, I).LT.TMP)0R(JpI):TmP 2146
GOj T9 390 2147

.380 IRCJ,I)=.1. 2148
el&'r CONTI~uE 2149
2400 CO'JTI:4uE 2150

IF(T-IPP.LE.O.) GO To 2450 2151
PLTT(l)=.O1 2152
PLTT'2)zot 2153
PLTTC3)zi. 2 154
PLTT (4) :5 2155
PLTT(S)10,. 2156
PLTT (b) 30. 215i7
PLTTC7)=5O, 2158
PLTT (3) ZT?-!PAPLTT(6) 2159
~rT(9)=TMPA-PLTT(5) 2160
PLTT( 1C)T'!APLTT(4) 2161
PLTT (11)=THPA-PLTT (3) 2162
PLTT(12)=TMPA-PLTT(2) 2163

PLTT(13)=TMPA-PLTT(1) 2164
C PLnT VALUES rEXCEEDING 13 ARE EXPECTED PROBABILITY 2165

T'lP=TMPB/TMfPP 2166
PLTT(14)=.01*(1.,1600./TMP*.1.T2) 2167
PLYT(15)= 1(.2O/~P*.S 2168
PLTT(16j:I.(....f=P..6 2169
PLTT(17)= 5.*(1 .4../TMP**1.04) 2170
PLTT(1A):10.*(l.*3./TMP*.1.04) 2171
PLTT(19)=3f.*(1.+.Q6/TMP**,925) 2172
PLTT (20)350. 2173
rLTT(21)=TmPA-PLTT(19) 2174
PLTT(?2)=TmPtA.PLTT(18) 2175
PLTT (23)ZTMPA-PLTT(17) 2176
rLTT 24)=TMPA-PLTT(16) 2177
PLTT(25)=TMPA-PLTT (15) 2178
PLT1 (2b)=TPPA-PLTT(1fl) 2179
A~lIE(',,2410)lSTA (K) 2180

2410 F0.q*AT(/?H 3TATION IS) 2181
NPITE(6,242fl)(AA(I),Afl(I),IU1,NDUR) 2182
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Z20~OF"T~1, PLUT EXP PROS 4XPA3tA4r9(3X,2A4)J 1.
01 2140 J=1,13 21b4
WRITE(6#2430) PLTT(J)tPLTTCJ.13), (QR(J.I),Iu1,tOUR) 2185

2430 FRMAT(2F10..2*9F11.O) 2156
2440 CONTINUE 2187
24 -O CIINTINUE 2188

N3TAT=NSTAT-NSTA 2189
N 3TA N STAT 2190
IF(N;STAT.GT.10) NSTA=10 2191
IF(NSTAoGT.0) GO TO 2140 2192
GO TO 100 2193
E NO 2J94
SUBROUTINE CROUJT(RX) 2195
DItiENsIDN B(1O),R(10, 11)#RX(1O,11) 2196
COMMOrN DTRMCDN!NDP,B 2197
N V'AR N I ND p. 2198
DO 20 J1l,NINDP 2199
03 10 K=I,NYAR 2200

10 R(J,K)=RX(J#K) 2201
20 CONTINUE 22-02

lF(%;I!NP.GT.1)G0 To 30 2203
6C1]R(1.)/p(,1)2204

DTRYC=B(1)*3(1) 2205
RET URN 2206

C ft* * * * *t DERIVED MATRIX ftf tf tf tf tf tf tf t* f tf t* 2207
30 Do 40 K:2,NVAR 2208
40 R(1 ,K):R(1,KI/R(1, 1) 2209

DO 80 K=2,NINDP 2210
ITP:K-1 2211
00 60 J=K,NINUP 2212
DO 50 !I1,ITP 2213

L=K-12214
50 R(J, K)=R (J,K)-R (JrL)*fR(LrK) 2215

IF(J,EQ.K) GO TO 60 2216
R (K, J):R (JX)/R (K,K) 2217

60 CONTINUE 2218
DO 7n I11,ITP 2219
L:K-I 2220

70 R}K, IVAR)=R(K#,NYAR).R(L,NVAR)*RCKL) 2221
80 R(, ,VAH):q(K#NVAp)/R(K,K) 2222

C f t * * ft * BACK SOLUTION t f ftf ftf * ftf ftf ft t* ft tf tf tf 2223
BCNINDP):R(NINDPPNVAR) 2224
DO) 100 1=2,NINDP 2225
J:NvAR-I 2226
ix1r-1 2227
n(J)=i(J,NVAP) 2228
r0] : Lz1,IX 2229

K=J+L2230
90 rCCJ)=3(J)-S(K)*R(JpK) 2231

100 CONTINUE 2232
O T R 1C :0 2233
00 110 J:IPNINDP 2234

110 DTR~lC=0TRMC*9(J)*RX(JvNVAR) 2235
RET uRN 2236

E~jn 223?
FiNlCTION RN4GEN(IX) 2238

C RAWC011 NUMBER SUBROUTINE FOR A BINARY MACHINE 2239
C GENERATES UNIFORM RANDOM NUMBERS IN THE INTERVAL 0 TO 1 2240
C SENERAL USAnE IS AS FOLLOWS 2241
C A=R 4iGEN(IX) 2242
C Ix HOULO EE INITIALIzEO TO ZERO IN THE PROGRAM 2243
C IAHG CtN BE ANY LARGE, O00 INTEGER 2244
C CONSTANTS MUST LiE COPPUTED BY FOLLOWING EQUATICNS 24
C *t *t * * ICON1=(2**f((B+L)/2))+3 ffttft224b

C *t *t *t * ICN2:(2.ftB)-if t tf 2247
C * * *t * FCOnt321.(2.**fB) * 2248
C WHERE a: NUNI3ER OF SITS IN THE INTEGER WORD 2249
C 2250

DATA IARG/759OZ1, 2251
lF(IAr.ECj.IX) GO TO 10 25

-1 ~1-EXHIBIT 6



1X* I A' PG 2 5

ICN=6771 2255

10 IY='IY*ICONt 25

1 14.~7447 IV 655 If , I

irCI-'.LTo) IY=!Y*TCON2+1 25

p I -E N= I y 2259
FCON3=.35S27:3678EI'I 22oC
H ,nflEN NG; GNtCON 3 2261
RETURN 26
E ND 2263
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EXHIBIT 7

INPUf UATA

A Three title cards, first must have an A in column 1

B Specification card

1. NDUR - Number of durations, dimensioned for 8.
2. IYRA - Earliest year of record at any station, dimensional

for 100 years (NYRS) and NYRS times ND.W (B-i)
dimensioned for 400.

3. ISKEW - Indicator, positive value calls for reading
skew coefficients for region.

4. KEEP - Number of stations to keev from the immediately
precedin- Job, dimensioned for 10.

5. ICONV - Indicator, positive value calls for reading
factors to convert volumes to average flow rates.

6. IPCHQ - Indicator, positive value calls for punching
recorded and reconstituted flows on cards.

7. IPCHS - Indicator, positive value calls for punching
statistics on cards.

8. NSTAT - Number of stations for which statistics are
to be read in, leave blank if statistics are to
be computed, no limit on number.

9. NSMTH - Indicator, blank or positive value causes
smoothing of statistics.

10. INCAD - Indicator, positive value calls for adjustment of
increment to reduce skew coefficient. DO NOT
use routinely as frequency curves will be biased.

C Duration description card

1. AAAB - Title of duration such as "PEAK" or "1-DAY,"
NDUR(Bl) items

D Skew coefficients, omit if ISKEW (B3) is not positive

1. SKW - Regional skew coefficient for each successive
duration, NDUR(Bl) items

E Stations kept, omit if KEEP(B4) is not positive

1. KEPT - Station number (ISTA) of station in preceeding
job, KEEP(B4) items. Should be listed in
same order as appearing in previous Job.
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F Conversion factor, omit if ICONV(B5) is not positive

1. P - Factor by which flows for each successive
duration are divided to convert to average
rate of flow, NDUR(Bl) items

G Data cards, omit if NSTAT(B8) is positive

1. ISTA - Station number, limited to five digits
2. IYR - Year number
3. QM - Flow, NDUR(Bl) items, -1 indicates missing

record. If record for entire year is missing,
omit card for that year.

H Card blank after Col 1 to indicate end of flow data, omit
if NSTAT(B8) is positive.

Input statistics, omit if NSTAT(B8) is not positive.
Supply NDUR(Bl) cards for each station and data for NSTAT
(B8) stations. The order of the durations must be maintained
for all stations.

1. ISTA - Station number, limited to five digits.
2. AAAB - Title of duration (see C card.)
3. AV - Mean logarithm for given station and duratioi
4. SD - Standard deviation of logarithms.
5. SKEW - Skew coefficient of logarithms.
6. DQ - Increment added to flows before statistics

were computed.
7. ANYR - Number of years of equivalent record.

Four blank cards with A in Col 1 of the first after the
last job will cause a normal stop.
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SUMMARY OF REQUIRED CARDS

723-X6-L7350

SFour b lank cards with A in col 1 of first cause STOP
NSTAT sets 1I I I I I I I N

of NDUR cards (5) 1 STA AAAB AV SD SKEW DQ ANYR

(4) H On bl card after all ow dafa

(4) G STA IYR QJ " " NDURI(B1) items

(3) F P P.. ND UR(B1) items

(2) E KEPT . . . . . . KEEP (B3) tems

(1.) D ).lSKW ISKW . ....... NDUR I(Bi.) itemsI

c AAB AAAB . . . NDUR I(Bi) ite s I

B UR I ISKEW IKEEP I CONV IPCHqI IPCHS NSTALT NSI4TH INCAI)

A utput title card

A Outpul titil card

A Output title card

Notes
(i) Omit if ISKEW (B3) is not positive.
2) Omit if KEEP (B4) is not positive.

Omit if ICONV (B5) is not positive.
4) Omit if NSTAT (B8) is positive.

(5) Omit if NSTAT (B8) is not positive.
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